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scientists formed in May 1983. The Com- 
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ing Members and Corresponding Mem- 
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mittees main objective is to conduct 
scientific research of complex. interdis- 
ciplinary problems. bearing directly on 
the most important task facing mankind 
today: the preservation of peace and the 
prevention of a nuclear catastrophe. One 
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mittee is the study of long-term world- 
wide consequences of a nuclear war 
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The bright sun was extinguished, and the stars 
Did wander darkling in the eternal space, 
Rayless and pathless, and the icy Earth 

Swung blind and blackening in the moonless air; 
Morn came and went—and came, and brought no day... 


George Gordon Byron 
Darkness 


the night aft 
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By Yevgeni Velikhov, Vice-President of the USSR Academy of Sciences 


This book has been prepared by a public body, Soviet Scientists’ Committee 
for the Defence of Peace Against Nuclear Threat, a non-governmental or- 
ganization instituted at a National Conference in Moscow in May, 1983. The 
Conference brought together scientists from all regions of the Soviet Union 
and our colleagues from many other countries were also attending. This 
widely representative scientific forum discussed ways of safeguarding peace 
and the role of science in this historic process. The final document, which is 
included in this volume, declares that ‘scientists ...by their knowledge, ex- 
perience, and authority, must actively promote the peoples’ struggle for 
saving the world from nuclear destruction? 

The Soviet Scientists’ Committee (SSC) operates on the basis of the goals 
defined by the Conference. They are, first, to recruit all those employed in the 
sphere of science, regardless of their speciality, for a vigorous effort to avert a 
nuclear catastrophe, and, second, to communicate to the general publica 
meaningful, scientifically coherent, and comprehensive portrayal of the dan- 
gers for mankind if the present arms race—quantitative but above all qual- 
itative—is allowed to continue unabated. 

Our underlying assumption in doing this is that scientists can and moreover 
must influence the course of political events, because no one is better equip- 
ped to perceive and project the tragic consequences of a nuclear conflict. 


The strength of their influence 1s redoubled when based, not on the opinion of any 
one scientist, however authoritative, but on the impartially and comprehensively 
formulated, collective judgement of scientists from different countries and working 
in different areas of knowledge. We strongly believe we can do a great deal to im- 
prove the current tense international situation, and promote the preservation of 
peace. These are the prime objectives of our Committee in all its activities. 


Since this volume is entirely a SSC project I feel the need to present the 


Committee to the readers and briefly describe its proceedings. In all, twenty five 
persons were elected to the Committee: thirteen of them are Members of the USSR 
Academy of Sciences; five are Corresponding Members of the Academy; three, 
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Members of the Academies of Sciences of constituent Soviet Republics, and another 
four have the Doctor of Sciences degree. 

The geography of Committeemen’s residence and employment spans Russia 
(Moscow, Leningrad, Novosibirsk and the Far East), Ukraine, Turkmenia, Georgia, 
and Estonia. Among the Committee members are A. Nikonov, President of the 
National Agricultural Academy, and M. Kondakov, President of the National 
Academy of Pedagogical Sciences. Three persons of the Committee—A. Babaev, 

K. Rebane and Ye. Velikhov—are elected to Soviet Parliament, the Supreme Soviet of 
the USSR, and four other—I. Gverdtsiteli, I. Lukinov, G. Nikolaev and 
G.Scryabin—are members of Parliaments in their respective Soviet Republics. The 
SSC is composed of reputed scholars who cover a broad range of competencies in 
diverse areas, such as Director of the Hermitage Museum, Boris Piotrovsk1i, a hist- 
orian; Natalia Bekhtereva, a physiologist; Georgi Scryabin, a microbiologist; 
Anatoli Gromyko, a political scientist; and physicists Roald Sagdeev, Boris Rau- 
shenbakh, and Sergei Kapitsa, to name only a few. 

When dealing with specific problems we seek the cooperation of 
consultants—experts in their special fields and I have the highest regard for their 
expertise. 

The Committee meets at different cities in the USSR. The meetings have been 
held to date in Ashkhabad, the capital of Turkmenia; Tbilisi, Georgia; and Tallin, 
Estonia. By varying the venues of our gatherings from one Soviet Republic to anoth- 
er we provide an opportunity for as many scientists as possible from that region to 
have direct exposure to and active personal involvement in our proceedings. 

In our field sessions we discussed the climatic consequences of a nuclear war, 
how to check the proliferation of the arms race to outer space and how to achieve 
quantitative and qualitative freeze on nuclear weapons. 

This new public organization of Soviet scientists is unique in that it main- 
tains a wide program of research on the fundamental aspects of the struggle for 
peace, disarmament and prevention of nuclear holocaust [1]. 

The Committee members are closely engaged in this struggle, as are all 
honest people on Earth motivated by their concern for the fate of our planet and the 
future of humankind, who have recognized their duty as patriots and citizens, and 
have a sense of social responsibility. In this activity the SSC, as contrasted from so 
many other public organizations, seeks to maximize the advantage of its most 
potent ‘weapon-—the vast investigative experience, in-depth scientific knowledge, 
and the high unassailable authority of the Scientist, a figure looked-to at all times 
for a balanced, fully intelligent, and well-argued opinion. 

In our peace work we readily absorb all the best methods and practices de- 
veloped by fellow scientists in many other countries. In this sense, a good pace-setter 
for us has been the medical profession who established what is now an influential 
international organization, the International Physicians for the Prevention of 
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Nuclear War. It is for good reason that physicians have been the first to undertake an 
objective and comprehensive examination of the medical consequences of a nuclear 
exchange. Their findings are now broadly known across the world, as is the un- 
equivocal conclusion derived by them—that a nuclear war would be the last 
epidemic in human history, for which no antidote exists other than its prevention [2]. 

There are numerous other implications of a nuclear war that need very close 
attention from scientists. For instance, our understanding of the scale and character 
of a probable nuclear catastrophe, upon examination, has been found grossly inad- 
equate. This was further confirmed by research completed very recently. These data 
make it virtually certain that the indirect long-term effects of a nuclear war—those 
previously poorly considered—are in fact equally, if not more threatening than the 
primary, immediate results of nuclear explosions, familiar to us from the times of 
Hiroshima and Nagasaki. Keeping this in mind, one of the foremost research pro- 
grams sponsored by the Soviet Scientists’ Committee is intended for studying all of 
thelong-term global effects of a nuclear war and its impact on climate and the bio- 
sphere. Though so far comparatively short-lived, the program has yielded important 
insights that in turn have led to extremely serious conclusions. These results and 
conclusions have provided the principal content of this book. 

Virtually every line of research the SSC currently directs is by nature an 
interdisciplinary undertaking. As such, it demands very active participation by 
highly qualified specialists from diverse areas of knowledge, and also from different 
countries. The Committee seeks wide-ranging contacts with scientists abroad, and it 
can be stated with confidence that we never fail to get a sympathetic response from 
them. 

In November 1983 in Moscow and Tbilisi, and then in May 1984 in Wash- 
ington, we met senior officials from the Federation of American Scientists (FAS), a 
large public organization credited with impressive accomplishments, past and 
present, in preventing the nuclear conflict. The talks between the FAS leadership 
delegation and the Soviet Scientists’ Committee were, as both sides agreed, fairly 
productive. Their assessment given by FAS President, Professor Frank von Hippel of 
Princeton University, in his interview to Soviet television was characteristic in this 
sense [3]. He rightly believes that the talks between FAS and SSC showed that there is 
a consensus of opinion between Soviet and American scientists on the following 
four essential items: 

— anuclear war would be the greatest catastrophe in human history; 

— there is no effective and reliable protection from a nuclear attack; 

— atthis moment there is, in fact, anapproximate parity of the nuclear 
potentials between the USSR and USA; 

— nowisthe time for no delay in stopping the arms race. 

As indicated in subsequent FAS publications, it had found in the Soviet 
Scientists’ Committee a worthy partner for serious business contacts, and a vocal 
spokesman for the Soviet scientific community on key problems of modern times 
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[4]. For its part, the SSC will be invariably committed to establishing and increasing a 
productive and mutually advantageous relationship with all scientists’ organi- 
zations in other countries that are against nuclear war, and make peace and disar- 
mament their goal. 

The SSC has been part of the debate on problems of the nuclear weapons 
freeze (June, 1984 in Geneva), scientific aspects in preventing the militarization of 
outer space (May, 1984 in Washington) [5].and various other scientific gatherings in 
the USSR and the United States, Italy, Finland, and other countries. Good working 
contacts are being developed with the Stockholm International Peace Research 
Institute (SIPRI), anumber of scientists’ organizations in Western Europe (the 
‘Mainz Group’ in the FRG, to name only one), and individual scientists from various 
countries. 

We recognize the importance of hosting meetings, roundtables, and 
discussion groups in our country and of SSC members’ participation in similar 
functions in other countries. It will be recalled here that all those who serve on the 
Committee are scientists of widely acknowledged status and authority, each with 
extensive experience in communication on scientific level with colleagues in many 
countries across the world. 

The epitome of the SSC’s fruitful cooperation with fellow-scientists in other 
countries was the organization and management, in concert with a US group of 
researchers, of investigations on global long-term climatic and biological 
consequences of a nuclear war. The program was maintained in parallel by workers 
at the Computing Center and the Institute of Physics of the Atmosphere of the 
USSR Academy of Sciences and by the research group of Professors C. Sagan and 
P. Ehrlich at the National Center for Atmospheric Research. One thing lends special 
weight and substance to the results obtained: despite differing programs and proced- 
ures the scientists were agreed in their main conclusion: the use of nuclear weapons 
would alter the Earth’s climate so harshly as to precipitate, eventually, a global 
ecological catastrophe [6]. 

The research results and the conclusions to be inferred from them appear so 
dramatic and innovative that it will probably be quite some time before their extent 
and significance has fully reached the nations and governments of the world. 

Though the scientists in different countries that are now gathered around this 
common concern have different political views and apply dissimilar tools and 
methods in their scientific quest, they have in common a generally agreed and well- 
argued opinion, thus making it utterly convincing. This opinion is finalized today in 
the concepts of ‘nuclear night’ and ‘nuclear winter’. 

At international conferences of specialists in Moscow, Washington and other 
cities, in public statements and in televised debates spokesmen for the world 
scientific community come up with ever new simulations to relate the consequences 
of a nuclear exchange [7]. Why did they need to do this? One would assume that not 
even laymen question now the catastrophic impact of a nuclear war. Yet as short as 
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two years back the popular misconception even among professional scientists was 
that dire as the post-exchange situation might be, it would not be dire enough to 
cause mass extinction of living creatures. Today many scientists have fundamentally 
revised their former views. By contrast, some Western war strategists have not. Now 
as before, they reiterate false assurances that an exchange of tactical nuclear strikes, 
e.g. in Europe, would not toll the parting bell for life on Earth. In light of the new 
facts, recently discovered by scientists, the studied ‘optimism’ of such predictions 
can be seen for what it is worth. 

In 1981 the leaders of our country appealed to scientists all over the world 
suggesting that they start exploring what the aftermaths of nuclear war would be 
like. At that time I conversed with many specialists and found most of them skepti- 
cal about discovering vital, new information. 

In'the meantime, discoveries have been made, born of the never-ending 
process of scientific creativity. In general, predictions as to when such discoveries 
can come about are very hard to make. However, several reasons coincided to make 
these discoveries possible at precisely this time. One of them, I believe, has to do with 
a new factor that has arisen from successive attempts at understanding the 
consequences of nuclear war—the sheer enormity of human loss. Today it is known 
that missiles with nuclear warheads onboard a single submarine have the power to 
destroy a whole country. At last the conclusion has been reached that a nuclear war 
is likely to destroy life on the Earth. 

These deductions are important in the sense that there has been a long period 
of heedlessly misapplying the perceptions and notions derived from deplorable exp- 
erience of World War II to a hypothetical third world war and this is still being done 
in some quarters. Yet, they cannot be compared. 

Indeed, the realities of the nuclear age in all their fearsome magnitude have 
been perceived by many, yet unfortunately not by all. Hence one only has to accept 
what Soviet political scientists contend—that to take a realistic and serious ap- 
proach to security problems means not to follow the outdated cliches and patterns, 
including those developed in the more distant past and in the first decades of the 
present nuclear-missile epoch. This is because of the serious changes that have 
occurred on the socio-political world scene and considerable advances in the very 
means of warfare [8]. Beyond that—and this is the main idea in the context of this 
book—the recent years have seen major discoveries in science that drastically altered 
our former concepts about the magnitude of the effects generated by a nuclear war. 

Another crucial insight scientists have been able to provide in the last few 
years came with the development of a scientific rationale for significant intensifi- 
cation of the effects of a nuclear war [7]. Nuclear weapons are of course extremely 
destructive in and of themselves. However with a nuclear warhead targeting a 
nuclear reactor, nuclear fuel storage or industrial operation engaged in nuclear fuel 
processing, the consequences will be harsher than of a nuclear blast per se. Rad- 
ioactive contamination in the affected area would persist above the hazardous level 
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for months, years, and perhaps even decades afterwards. Several research papers 
issued by the Royal Swedish Academy of Sciences detail maps of the United States, 
Europe and the Soviet Union. They show that following the destruction of nuclear 
power plants the western USSR and Europe would be almost totally within the zone 
of radioactive fallout capable of protracted environmental pollution. 

The phenomenon of multiple enhancement of the probable effects of a 
nuclear war relies also on another agent to carry it out—fires. Our civilization has to 
date stored huge quantities of combustible material. According to published 
estimates, the mean density of combustibles amassed in industrial areas is some- 
where around 4 g per cm*. Imagine you are standing knee-deep in an oil reservoir— 
this is actually the case in large industrial centers [7]. If during a nuclear attack all 
this fuel were to be ignited the power of the attack and the extent of the ensuing de- 
vastation would be enhanced manifold. This awareness might materially influence 
future plans and programs for civil defence and indeed any defence programs in 
general. i 

Today scientists have estimated fairly accurately possible alterations of the 
solar energy influx reaching the Earth, due to the effects of a nuclear war. As it is 
known, life on the Earth is wholly dependent on the Sun, an incredibly powerful 
energy source. In one second the Earth receives from the Sun the energy of about 30 
Mt, or nearly the equivalent of the energy release from the explosion of the highest- 
yield nuclear warhead. Every 10 to 15 minutes the energy arriving to the Earth equals 
in magnitude the energy potential of all nuclear arsenals stockpiled to date. To 
extend the comparison, it should be reminded that currently available stores of 
combustibles greatly surpass the energy potential of the nuclear stockpiles. 

For now, this tremendous influx of incoming solar energy passes almost 
unobstructed through the translucent atmosphere, a relatively thin gaseous layer 
enveloping our planet. As our authors show even slight perturbations in the layer 
(and on the global scale the threshold for ‘nuclear winter’ may be considered a slight 
perturbation) can produce a global catastrophe. I can think here of a fairly relevant 
analogy with a train speeding down a railway. Even a minor track damage inevitably 
precipitates a crash. The consequences of such a catastrophe are very difficult to 
predict with accuracy. To predict the location and condition of every single passen- 
ger after the disaster is an extremely complex exercise. Not so if one knows the speed 
of the oncoming train, the braking length, the weight of every car, etc.—then relev- 
ant computations can be made and the crash predicted in terms of probable scale 
and magnitude. 

Thus, in summary, whilst some 10—15 years ago it could be said that a nuclear 
war would take human toll in the hundreds of millions and cause unprecedented 
material destruction, current perceptions of the global ecological catastrophe that 
would occur as a consequence of a nuclear war indicate that it would cause the col- 
lapse of human civilization. The continued existence of humankind and even of the 
very life on the Earth is at stake. The conclusion was first formulated by scientists of 
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different specialities and from different countries early in 1983. It was then stated 
publicly and in no uncertain terms at the international conference, ‘The World after 
Nuclear War', held in Washington on October 31—November 1, 1983 [6]. 

As part of the Conference proceedings, Soviet and American scientists 
concerned with the climatic and biological consequences of a nüclear catastrophe 
had a two-way discussion over the Moscow link, or, in Soviet terms, the ‘space TV 
bridge’ between Moscow and Washington. Participating in the US panel were 
Professors Thomas Malone, Walter Orr Roberts, Carl Sagan and Paul Ehrlich; in 
the USSR panel —Members of the USSR Academy of Sciences Aleksandr Bayev, 
Yevgeni Velikhov, Roald Sagdeyev, Georgi Scryabin, Nikolai Bochkov and other 
Soviet scientists, all of them members of the Soviet Scientists) Committee. 

Thespeakers were unanimous in denouncing nuclear war on the grounds that 
it would be a crime against humanity and any alternate use of nuclear weapons 
would cause irretrievable losses to our planet. Professor Carl Sagan from Cornell 
University, one of the four Americans to appear at the teleconference, the first-ever 
in the history of science, gave a state-of-art summary of research on this problem 
and ended up with the extremely forceful conclusion that even if a particular nuclear 
power makes detailed plans and attacks another nation with an effective first strike 
that theoretically takes out the adversary's retaliatory capabilities, it would thus, in 
fact, commit a suicide. And suicide it would be because of the disastrous atmos- 
pheric, ecological and biological effects that the first strike would be bound to have 
on the biosphere, and on the world's entire population, including of course people in 
the aggressor country. 

Scientists! conclusions on nuclear war originated mainly from their own 
research but not entirely. They were also a result of testing these ideas rather 
intensely and objectively and of comprehensive peer discussions at various scientific 
meetings. Some of the meetings they attended were the International Seminar on 
consequences of nuclear war at Erice, Italy, in August of 1983; bilateral USA-USSR 
Symposium held at the Russel Senate Office building in December of 1983 and or- 
ganized by Senators Edward Kennedy and Marc Hatfield [7];and the Symposium on 
the study of the long-term effects of nuclear explosions, sponsored by the Pontifical 
Academy of Sciences in Vatican in January 1984 [see Supplement, p.163]. SSC 
delegates attended the Third Congress of International Physicians for the 
Prevention of Nuclear War and there contributed a paper reviewing very recent 
research done by Soviet scientists on the long-term climatic and medical 
consequences of a nuclear war. 

The specific aspects of the concept of ‘nuclear winter’ discussed in this 
volume come to the following. Nuclear explosions would start off massive fires that 
would be attended by inputs of vast amounts of atmospheric combustion 
products—soot, ashes and noxious gases. Clouds of fine soot particles would ab- 
sorb and scatter sunlight to cause a pall of darkness over the earth's surface, or a 
‘nuclear night’. Thus the planet's radiation balance would be upset and within a 
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short time interval the surface temperatures would be lowered by 20—50 °C below 
the seasonal norm. Such an abrupt cooling would set up a ‘nuclear winter’ even in 
the summer season and, following a fundamental restructuring of the atmospheric 
circulation system, this unprecedented climatic catastrophe would spread in a mat: 
ter of a few weeks all over the globe to cause massive death among the Earth's flora 
and fauna. 

Today science has found that even if some humans were to remain alive afte 
a nuclear exchange, all they would see as they emerged from their shelters would be 
mutilated and moribund planet. 

It is painful to think that this deadly change would be of our own making— 
result of ourunwise and irresponsible actions. Mankind's chances to adjust to the 
‘post-nuclear’ ecological environment would be few and far between. Personally I 
don't believe there would be a chance at all. 

It is now obvious that the geophysical consequences of a nuclear war make 
the immediate impact of nuclear weapons look marginal by comparison. In 
virtually any scenario of a nuclear war the first-strike survivors would be left in a 
desolate and cripplingly cool environment, without water, food and fuel, exposed to 
high-level radiation, under extreme psychological stress and prey to raging 
epidemics. And, moreover, their pathetic end would be unwinding in twilight or 
gloom. Thus a nuclear night, on whatever scale, would in fact lead to either the dis- 
appearance of the human race or its regression to a prehistoric level. 

The projections and the statements scientists made to elucidate the concept 
of ‘nuclear winter’ drew a great deal of attention from the media, various public 
groups for peace, disarmament and for the prevention of nuclear war, and a number 
of noted political and government figures. 

Speaking at the opening of the USA-USSR Scientific Symposium held at the 
Russel Senate Office building in Washington in December of 1983 Senator Edward 
Kennedy said: *The evidence now points overwhelmingly to this stark truth: A third 
world war would be the last world war, for it would be a war against the world itself. 
In such a conflict the question would be not how many would survive, but how long 
the dying would take' [7]. 

senator Mark Hatfield who co-sponsored with Edward Kennedy the joint 
forum in the US Congress expressed the hope that 'science today is shattering the 
myths which have held us hostage to the assumption that the threat of nuclear war 
was acceptable, tolerable and even rational’ [7]. 

Vibrant signals of concern over the fate of the Earth increasingly in jeopardy 
of a nuclear war are heard coming more and more frequently from Capitol Hill. On- 
ly a short time ago, in spring of 1985, Mark Hatfield, together with another US 
senator, William Proxmire, introduced into the US Senate a draft resolution for 
launching a joint USSR-USA commission to investigate climatic and biological con- 
sequences of nuclear war. The proposed commission would be given the task of ac- 
quiring and reviewing of the data pertaining to adverse effects of a nuclear conflict 
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on the climate and biosphere, the exchange of the data between Soviet and American 
scientists, and coordination of cooperative research ventures in this area. At some 
later date the commission could extend its terms of reference to include also scien- 
tists from other countries. In the statement publicized at the same time with the pro- 
ject, both senators urged the United States to research most thoroughly into the 
phenomenon of ‘nuclear winter’ because in that field they had nothing to hide from 
the USSR. The USA and USSR had formerly had mutually advantageous scientific 
exchanges and it is absolutely necessary now that both countries be fully aware of 
what is put at stake. 

The continuous flow of new scientific publications on the catastrophic con- 
sequences of a nuclear war for the Earth's nature and climate provided most certain- 
ly the driving motive for introducing such a proposal. Another fact noteworthy in 
this context is that Soviet scientists were invited to participate in the ‘Kennedy- 
Hatfield Forum' and later to be part of a joint commission suggested by the 
senators, which testifies that noted US politicians acknowledge the significant con- 
tribution to this area of common concern, made by Soviet scientists. This would 
hardly deserve special mention were it not for some sections of the bourgeois media 
who come up once in a while with ludicrous and, of course, groundless allegations 
about ‘insignificant role of Soviet researchers in finding solution to this complex 
scientific problem’. Hard facts militate against such insinuations. 

The task of preventing a threat the world has never known compels the 
necessity, indeed the vital need for contacts, joint research ventures, coordination of 
scientific inquiries, and concerted action by the world scientific community. 

The following statement on the realistic avenues of joint scientific quest now 
available to scientists in various countries came from the SSC Vice-Chairman, 
Academician Roald Sagdeyev, Director of the Institute for Cosmic Studies, USSR 
Academy of Sciences: ‘The successful development of persuasive models by the 
group of Professor Carl Sagan and a group of our scientists, independently of each 
other, has been possible because scientists have learned to use the planetary and 
interdisciplinary approaches to the analysis of complex atmospheric phenomena. I 
feel we should agree to have very close cooperation in the further development of 
these models. We now have space technology at our disposal which allows us to 
study in detail a whole range of natural phenomena that approximate, though on a 
small scale, the consequences of a nuclear war. Volcanic activity which ejects aerosol 
particles into the atmosphere is one of these phenomena. Another is the grandiose 
solar flares which trigger serious chemical transformations in the stratosphere like 
the creation of nitrous oxides. Our effort, if we wereto make it a joint, wide-ranging 
one, using these new planetary methods provided by space technology, would be 
exceedingly useful and productive’ [9]. 

The International Seminar organized in May 1984 in Leningrad by the 
Scientific Committee on Problems of the Environment (SCOPE) was an example of 
useful joint activity by scientists [10]. The Seminar, which brought together noted 
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specialists from many countries, continued the discussions on the long-term global 
consequences of a nuclear war for the biosphere. 

One of SCOPE program leaders, Professor Thomas Malone (USA) set the 
tone of the Seminar by saying that neither he nor his colleagues in the SCOPE prog- 
ram are going to be nuclear strategists. However the present dangerous situation in 
international affairs, when so-called ‘sober’ voices are heard asserting that life might 
continue on the planet after a nuclear war, has compelled scientists to go into the 
calculations to check the arguments of the theory of survivability. The conclusion 
that scientists share, no matter how bitter they feel about it, is that the existing 
nuclear war scenarios are valid and credible. All the available scientific evidence 
clearly indicates that a modern nuclear war would be the final tragedy in human 
history. Professor Malone went on to say that if this severe truth could be brought to 
all people living on the Earth then scientists might hope against the odds that this 
will force mankind to find a way to mutual understanding and coexistence, to think 
in a new fashion and, having learned from the past errors, to safeguard future [10]. 
Most of his fellow scientists, whether American or Soviet, agree in their assessment 
of the consequences of a nuclear catastrophe. 

The President of the SCOPE International Committee, Sir Frederick Warner 
(UK), pointed out that the Committee had itself been brought into being by current 
political developments, notably the statements by some military officials and policy 
makers, that the consequences of a nuclear conflict might not be so very catast- 
rophic. But the results obtained by SCOPE are forcing us to change some established 
views and notions on possible consequences of a nuclear conflagration. Scientists at 
every meeting thoroughly and comprehensively discuss all the relevant models and 
scenarios, or simulate situations likely to come up during a nuclear war. Sir Frede- 
rick Warner expressed the hope that this work would bea contribution to the 
solution of the problem of nuclear war and its prevention and provide the politicians 
with the opportunity to assess the situation more sober [10]. 

The inevitable questions arise: how could scientists have ‘overlooked’ 
‘nuclear winter’ between the 1940s and 70s and can we be sure that the current body 
of evidence on the consequences of a nuclear war may be thought of as final and 
complete? 

To the former question my reply would be that the research on the 
consequences of nuclear war did not get anywhere near the attention it deserved. 
The reason for this was psychological—no major scientist was willing to ponder the . 
events that were likely to lead to the end of civilization, nor to squander vigor and 
talent on bleak, scientifically unrewarding investigations. This is reasonable. But 
even so this is evidently a great fallacy. So long as we think it important to know 
exactly how, billions of years ago, our Universe took form and how, billions of years 
in the future, our Solar system will collapse, we ought to be more anxious to know 
exactly if and how our own planet, Earth, unique of its kind, might perish tomor- 
row. We must know where we might be led by our feeble-mindedness which underlies 
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today's gigantic war spending, colossal and ever increasing nuclear stockpiles and 
qualitative development of nuclear weapons. 

Perhaps there are also other reasons why the picture of ‘nuclear winter’ has 
been neither complete nor detailed enough until the last year oy two [11]. New 
estimates and conclusions required close cooperation and feedback among a large 
number of workers from different scientific fields—climatologists, physicists, 
mathematicians, and biologists. Only in the recent years when such integrated vision 
and interdisciplinary approach gained acceptance were scientists able to research the 
whole set of interconnected developments in what previously seemed to be an ab- 
stract assemblage of desultory facts and phenomena. Besides, the possibility of a 
‘nuclear winter’ constitutes a problem on a global scale of the kind scientists have 
only recently learned to formulate, let alone explore. 

Major scientific discoveries are never accomplished, one might say, on ‘a bare 
ground’, ‘out of nowhere’. Rather—a point I made earlier—they tend to come after 
preparation by previous creative scientific inquiry which, in a broader sense, feeds 
the progress of our knowledge on laws and patterns in the world around us. But 
there must be always a proximate cause, a trigger to set off the ‘chain reaction’ of 
subsequent scientific results. To a large extent, we owe a debt of gratitude to medical 
scientists who gave us one such impetus at the 1st Conference of the International 
Physicians for the Prevention of Nuclear War in 1982 when they presented quantita- 
tive data onthe long-term medical consequences of a nuclear exchange. Another 
important impetus for starting the ‘nuclear winter’ research came from the now 
broadly publicized work of Paul Crutzen et al. who estimated the scale of fires that 
would follow nuclear explosions [12]. 

By some estimates, there have been about 30 thousand different wars in 
human history. Man has survived them all and today he is as good as ever at utilizing 
the fruits of social, economic, scientific and technological progress. It should not be 
forgotten, of course, that some of the past wars wiped away entire nations and fully 
destroyed the infrastructure of some states. These I would call ‘wars of destruction’. 
In many areas of the world archeologists find ruins of formerly thriving cities, 
vestiges of irrigation systems and other facilities. The ruins still carry the dents and 
scars of the destructive wars that ravaged them a millenia ago. 

Revival is impossible even with the full backing of modern technologies and 
adequate capital investments. But even so no past wars—not even the World War II, 
the most recent and devastating of all—bear comparison with the devastation of a 
thermonuclear war that ‘could result in the immediate deaths of many hundreds of 
millions of people, and of untold millions more later through a variety of afteref- 
fects’ [see Supplement, p. 156]. 

It is commonly accepted that experimental analysis of the phenomena 
actually observed provide the one and only one test of scientific theories and devel- 
opments. Of course no such ‘test by practice’ is possible in the case of scientists’ 
predictions concerning ‘nuclear night’ and ‘nuclear winter’. However, close inves- 
tigation and analysis of major natural catastrophes may prove singularly instructive. 
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This extremely interesting scientific problem was extensively covered by Georgi 
Golitsyn and Aleksandr Ginsburg in their article included in this volume. I would 
like to add that each time these researchers discussed their results and projections at 
numerous international conferences they invariably elicited wide interest and were 
greatly appreciated by the audiences. 

The obvious yet revealing analogies between natural and anthropogenic 
changes in the Earth’s climate and ecology traced by scientists acquire nowa 
political meaning. This was, in fact, the case with the recent hypothesis of American 
researchers L. and W.Alvarezes on the extinction of dinosaurs 65 million years ago 
which bears analogy with the hypothetical characteristics and projections of 
‘nuclear night’ and ‘nuclear winter’. ; 

To some extent, major volcanic eruptions bear analogy to a thermonuclear 
catastrophe, and the ensuing changes in the Earth’s climate and ecology. The 
eruption of Krakatoa Volcano in Indonesia in 1883 blasted up into the air about 
20 km? of rock, the energy yield being estimated at 30 Mt. However, the analogies 
here are never complete, and the actually observed climatic and ecological changes 
are less than those of a nuclear catastrophe. The rate and timing of the energy release 
are fundamentally different [13]. Whereas the accepted time scale for volcanic events 
is in days, the comparable energy release of a nuclear explosion is compressed into 
fractions of a second. Furthermore, volcanic dust varies in its physical charac- 
teristics from the aerosol generated by a nuclear explosion. Volcanic dust is not so 
hazardous for the climate as the aerosol introduced by nuclear detonations or— 
much more so—by nuclear fires. 

Nevertheless a fact currently considered portentous is that, following the 
eruption of the Tambora Volcano in Indonesia during August, 1815, the spread of 
the gigantic dust veil over the length and breadth of the globe led to a 1 °C decline in 
the mean temperature of the Earth. The next year of 1816 went into history as the 
‘year without a summer’ when freezing temperatures struck North America even in 
July and August and that caused a precipitous decline in grain harvests. Also, the 
extraordinarily severe weather of 1816 is presumed'to have been the primary cause of 
the cholera pandemic that by 1832 was rampant throughout the world [14]. 

The fireball of a nuclear blast burns or chars objects far moved from the 
hypocenter. Around one third of the total energy yielded by a burst detonated at a 
relatively modest height is released in the form of an intensive light pulse. Within 
10 kilometers of the hypocenter one or two seconds after a 1 Mt detonation, the light 
flare develops an intensity thousand times the brightness of the Sun [15]. This short 
time is enough to set ablaze paper, cloth, shades and garments and other readily 
combustible materials, and to cause third-degree burns on humans. 

Although the flame foci, or ‘primary fires’, become partially offset by a 
powerful air wave from the blast, the scattering sparks, blazing debris, splashes of 
burning and short-circuits in electric mains produce extensive ‘secondary fires’. The 
blast wave, vastly damaging to buildings and communications, makes fire control 
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practically impossible so that the fires spread in this fashion may be raging for days 
in urban areas. 

When the multitude of flaming foci that were independently initiated merge 
into one mighty focus, they produce a ‘firestorm’ potent enouglrto destroy a large 
city, much like Dresden and Hamburg were put to ashes during the US air raids at the 
end of the World War II. 

The intense heat energy released in the center of such a huge fire raises aloft 
vast air masses simultaneously creating at the surface hurricance-force winds which 
continuously supply new oxygen for the fire's focus. Precisely because of this the 
smoke, dust and soot from the firestorm reach upwards as high as the stratosphere to 
form a black cloud that obscures the sunlight. 

The origin and spreading of these gigantic nuclear fires that inject into the 
atmosphere vast quantities of aerosol and which in turn would bring on a ‘nuclear 
night’ was something that scientists had not factored into their conclusions during 
almost 40 years since nuclear weapons were first developed. Nor were the scientists 
with wide and recognized background in this field able to account for this striking 
phenomenon when they were assembled at the World after the Nuclear War Con- 
ference [7, 16]. West German scientist Paul Crutzen was first to formulate in 1982 the 
concept that massive nuclear fires play an important role in instigating the 
subsequent cascade of irreversible global-scale changes in the climate and ecology. 
An expert in atmospheric chemistry, he commenced his research by examining the 
process of nitrous oxides production in a nuclear explosion and their probable ef- 
fects on the stratospheric ozone layer. Concerned with studying sunlight absorption 
by nitrogen dioxide, P. Crutzen and J. Burks, as they say in their own words, by pure 
association and quite unexpectedly to themselves, chanced on the idea that aerosol 
particulate injected into the atmosphere by nuclear fires would absorb and scatter 
thesunlight, and to a much greater extent. The researchers intimated they had been 
surprised to find no published literature on the subject [17]. 

Spurred by Crutzen's guess, numerous workers, largely in the USSR and USA, 
began to work on the problem. A few factors were found that had particular rele- 
vance to the extent of darkening on the earth's surface. These included the ratio of 
aerosol particle size to sunlight wavelength, the aerosol's physicochemical charac- 
teristics and coagulation rate (particle enlargement), and so forth. In the mathe- 
matical models used today to simulate the consequences of a nuclear exchange the 
sunlight-screening black cloud is taken as an immutable initial condition, the point 
of departure for all further simulations. Scientists, of course, were also evaluating 
the effects of other factors, like an increase of carbon dioxide concentration in the 
atmosphere, but none proved as critical and important to them as the fires. The 
tragic experiences of Hiroshima and Nagasaki have apparently been subjected to 
very close scrutiny. How come, then, that the ‘nuclear fire’ in Hiroshima and Naga- 
saki was lost sight of by scientists? Until recently no one seemed to pay attention to 
the fact that the conventional non-nuclear US air raids on Hamburg, Dresden, and 
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Tokyo killed as many, if not more, of the cities’ populations as did the atomic bombs 
dropped on Hiroshima and Nagasaki. It was precisely there, that the ‘firestorms’ in 
densely populated areas, which were also loaded with combustible material, caused 
massive human deaths. 

As we recall today the tragedies of Hiroshima and Nagasaki, we still have to 
acknowledge that, for all the enormity of human and material loss in these cities, the 
detonations that had caused it were, at global scale, local blasts of ‘parochial signifi- 
cance. Besides, the bombs used on Hiroshima and Nagasaki were atomic. Though 
thousand times greater in yield than the largest demolition bombs of the World War 
II, the A-bomb detonated over Hiroshima was thousands of times less destructive 
than a present-day thermonuclear bomb. 

In light of the new perceptions it was to be expected that the need would arise 
to estimate the quantity of combustible material presently available in the world’s 
major industrial centers. World oil production tonnages are nowdays tens of times 
greater than in 1944. 

The output of combustible gas and the manufacture of polymers and other 
modern chemical products has increased manyfold. There are huge reserves of what 
can and would be burned in a nuclear war; these run the gamut from forests to 
household chemicals and from homes to fuel storages. 

Today’s estimates for the quantity of aerosol resulting from nuclear induced 
fires were derived by assuming an average loading of 4 g of combustible material per 
square centimeter surface area. However in some large cities such as New York or 
London the figure is as high as 20 g/cm? [18]. On very conservative estimates, the av- 
erage ‘baseline’ scenario nuclear conflict would produce about 200 million tons of 
aerosol, 30 percent of which being the strongly sunlight-absorbing constituent, 
elemental carbon [19]. Sunlight would be obscured practically in full from the vast 
region between the latitudes 30 and 60N given the fires and the evolution of aerosol 
in the amounts just described. 

We shall now refer to a specific case to illustrate the relation, indeed inter- 
dependence, between the two phenomena of ‘nuclear night’ and ‘nuclear winter’. 
The model developed by Dr. S.Schneider at the National Center for Atmospheric 
Research, Colorado, indicates that if a nuclear exchange started in mid-July, the 
summer air temperature will have dropped to freezing or below over the greater part 
of the United States within two days from the onset of ‘nuclear night’ [6]. 

Let us remember that the range between normal diurnal and nocturnal tem- 
peratures, known as the ‘temperature drop’, is between 5 and 20 °C. Thus only the 
first two days of a ‘nuclear night’ would be roughly equivalent to four continuous 
nocturnal periods. To be sure, the complex multifactor climate models have reached 
far beyond those simple analogies. 

The ‘nuclear night’ phenomenon is now considered as proved beyond 
question. A special note is that the atmospheric pollution scenarios that scientists 
have employed for their simulations were by no means the worst cases. But even so 
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their results defy imagination and shatter all the predictions hitherto made regard- 
ing long-term secondary effects of nuclear detonations. This applies to the 
biological and medical consequences triggered by ionizing radiation that seem to 
have been previously explored in sufficient detail (see the articleof A.Bayev and 
N.Bochkov). Strictly speaking, the magnitude of ionizing radiation bears no direct 
relationship to the parameters of ‘nuclear winter’ except that in this case we may 
speak about the Joint and mutually magnifying (synergistic) effects of the ‘radiation 
plus gloom’ and ‘radiation plus cold’ combinations. In fact ‘nuclear winter’ would 
be the first link in the long chain of postwar catastrophic global changes that would 
occur to the biosphere. The latter are reviewed in more detail in the articles of Soviet 
scientists in Part I of the book. 

Anyone familiar with the history of the origin and development of nuclear 
weapons may reasonably argue this point. Before 1964, the year of signing the Par- 
tial Nuclear Test Ban Treaty several thousand nuclear weapons tests had, in fact, 
been carried out. Their aggregate megatonnage greatly exceeded the 100 Mt ‘nuclear 
threshold’ currently defined as critical by scientists. It is also known that the largest 
of the nuclear weapons tested to date had a yield of 58 Mt. Yet none of the doomsday 
effects on climate currently predicted came to pass. This argument suggests that a 
fundamental error in judgement has been made which discredits all further compu- 
tations. Nowadays it is already used by those who, for whatever reasons, are simply 
unwilling to face facts and acknowledge that the scientific evidence is credible. 

The fact of the matter is, firstly, that the previous tests were independent, 
solitary detonations. By contrast, even the ‘soft’, 100 Mt nuclear exchange scenario 
which has the potential to produce a ‘nuclear night’ involves targeting a practically 
simultaneous nuclear strike on many industrial centers and large cities. Secondly, 
the tests, now under the ban, were carefully planned and carried out so as to avoid 
major fires. The new simulations are distinct from them primarily because they take 
into account the intensive atmospheric pollution from widescale ‘fires of 
civilization’. 

At present, several models with varying degree of sophistication are available 
to simulate the alteration in the Earth’s climate that would be brought about by a 
thermonuclear exchange. One of the finest among them is the three-dimensional 
hydrodynamic model implemented by Soviet scientists at the Computing Center of 
the USSR Academy of Sciences. Their simulations describe the geographic 
distribution of climatic characteristics as functions of the time elapsed since a 
nuclear exchange, taking as extreme cases ‘soft’ (100 Mt) and ‘hard’ (10,000 Mt) 
nuclear war scenarios. 

Let me briefly discuss these two figures—10,000 and 100 Mt. The former, 

‘hard’ case projects ‘utilization’ of nearly two-thirds of the total potential possessed 

by the nuclear powers. The case is therefore one of a global-scale nuclear war whose 

primary, immediate effects alone would inflict death and destruction in huge propor- 


tions. But what about the 100 Mt case? While awesome in the absolute sense it re- 
presents less than one percent of the present nuclear potential in the world. But on the 
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other hand, 100 Mt is equivalent to 8,200 Hiroshimas! If it is still considered a ‘soft’ 
scenario this is because the ‘hard’ scenario equals nearly a MILLION HIROSHIMAS. 

As estimated by experts, in 1983 the USSR and USA possessed the aggregate 
‘deliverable’ nuclear arsenal of about 19 thousand warheads on strategic carriers 
which added up to almost 10,000 Mt. The term ‘deliverable’ implies the exact number 
of Soviet and American nuclear weapons that their ballistic missiles and strategic 
bombers can take to specified targets in one delivery, to the exclusion of possible 
secondary launch and subsequent bomber missions. Even though the total nuclear 
arsenal, including tactical weapons, warheads in stock, etc., comes close to 50,000 
warheads and 15,000 Mt, 10,000 Mt is precisely the figure generally assumed by 
scientists as the total yield of the nuclear weapons for the ‘hard’ scenario in a pro- 
bable nuclear exchange. 

Notably, the nuclear arsenals of the other three nuclear powers—the UK, 
France, and Peoples’ Republic of China—while relatively marginal, still go way above 
the ‘soft’ 100 Mt ‘nuclear threshold’ beyond which, as computations show, lie the ca- 
tastrophic climatic and biological aftermaths such as the ‘nuclear night’ and ‘nuclear 
winter’. If seen in this way, the three countries’ ‘marginal’ nuclear arsenals no longer 
appear to be a value to be left out of calculations. They are as dangerous as any and 
need be considered for any aspect of solution to the problem of nuclear weapons 
reduction and prohibition. Theoretically one could conceive of a nuclear exchange 
scenario with the yield lower than the 100 Mt nuclear threshold. Such theories have 
been repeatedly invalidated by evidence cited in official Soviet statements and re- 
search reports. 

Speakers at the National Conference of Scientists in Moscow in May, 1983, 
decried the thesis that a ‘limited’ nuclear war may be an acceptable option as both fal- 
lacious and malign [20]. It was stressed that in the present situation with many thous- 
ands of nuclear weapons available to the sides, the limited war option is impossible. 
Should a nuclear war flare up, its escalation into a full-scale global war would be 
virtually certain, with all the ensuing consequences. The ‘limited’ nuclear war theory 
stems from a failure to understand the essence of the problem at hand, as much as 
fromthe desire to gain public acceptance for the very idea of a nuclear war, thus 
leading people on to believe that a nuclear exchange could be enacted according to 
some pre-set ‘rules’. By making a case for the acceptability of a ‘limited’ or 
‘controlled’ nuclear war the theory’s authors and advocates merely dupe nations and 
deliberately misrepresent the realities of today’s nuclear age. 

An inference by D.Ball from the Australian National University’s Centre of 
Strategic and Defence Studies is notable in this context [21]. D.Ball stated publicly 
that the ‘limited nuclear war’ between the USSR and USA would be unrealistic—if for 
nothing else than because their command, communications and control centers 
would unavoidably be rendered inoperative at the very first stage of the nuclear ex- 
change. D.Ball also cited a fact not without a touch of ‘black humor’: it transpired 
that the US Armed Forces Strategic Military Command had shown much interest in 
the computational data on quantities of aerosol injection into the atmosphere after 
nuclear detonations. It turned out that the amounts and properties of aerosol got 
them worried as long as they affected—of all things—the HF communication systems 


and the operational efficiency of the engines of bombers and particularly of cruise 
missiles! 
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In summary, ‘nuclear winter—the abrupt, exceptionally harsh and 
prolonged cooling of air over the continents—would be the principal climatic effect 
ofa nuclear war, its specific scenario notwithstanding. This is to say, all the living 
things surviving nuclear fires would be frozen to death. P 

With the abrupt and severe cooling, forests in the temperate latitudes would 
perish. The plant kingdom in the tropics and subtropics would die almost instantly 
because the tropical forests are only capable of existing in a very limited range of 
temperatures and illumination. 

‘Nuclear winter’ would set off an avalanche of pernicious consequences. 
They would involve colossal temperature contrasts between the land and the ocean 
because of the latter’s strong thermal inertia which is responsible for a less severe 
cooling of the air above it. This contrast would let loose severe hurricanes along the 
shoreline, probably murderous for life in the coastal areas. 

On the other hand, the atmospheric changes would suppress the hydrological 
cycle (the moisture evaporation and fallout regime) and severe droughts would 
descend upon the cold-shackled continents shrouded in darkness. 

A nuclear war would undoubtedly result in near-total destruction of the 
existing ecosystems, notably the agricultural ecosystems which are man's principal 
life-support systems. Professor Yuri Svirezhev with collaborators from the 
Computing Center of the USSR Academy of Sciences formulated the main 
consequences of nuclear war leading to ecosystems’ degradation [22]: radiation 
shock; fires; ‘nuclear winter’; radioactive contamination of soil and water; extensive 
fallout of acid rains; and enhanced UV radiation after the ‘nuclear winter’ is over. 

Each of these factors acting singly can be devastating to ecosystems in a lar- 
ger or lesser degree. Much worse, however, is that a nuclear exchange would expose 
ecosystems to the synergistic—that is, not just combined or concurrent but mutually 
enhancing—effect of all or some of these factors[r7]. 

One can have an idea even now of the impact by each individual factor. The 
radiation shock, which is projected to occur when the level of ionizing radiation shot 
up—and fast!—to magnitudes in the range of 500—1,000 rads, would have the power 
to kill off most mammals and birds, and cause serious radiation damage to conif- 
erous plants. Huge fires would wipe out a major part of the forests, steppes and farm 
crops. During nuclear explosions oxides of nitrogen and sulfur would be injected 
into the atmosphere in large quantities which would fall out later in the form of acid 
rains whose harmful effects on soil and water are now well understood. 

High risks to agricultural ecosystems are associated with the enhanced UV- 
radiation doses following the end of ‘nuclear winter’. A nuclear exchange will do 
considerable damage to the atmospheric ozone layer which shields the Earth's sur- 
face from excess UV-radiation of the Sun. Thereafter, the recovery of the ozone layer 
will be slow, on a time scale of several years. When in one year or so the ‘nuclear 
night! recedes and the atmosphere becomes relatively transparent again, the harmful 
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UV-radiation flux will grow several-fold and suppress photosynthesis, in part or in 
whole, for the next two or three years, inhibit the survived animals’ immune system 
and kill bacteria in the surface layer of soil. These adversities are all too familiar to 
radiobiologists. 

Still, I repeat, the danger looms largest from the synergistic effect. For exam- 
ple, UV-radiation and radiation pollution acting jointly and mutually enhancing 
each other will be especially pernicious to plants and animals. Professor Svirezhev 
and his colleagues sum it up as follows: “The consequences of a nuclear exchange 
even for the most ‘optimistic’ scenarios—if there is any occasion for optimism in this 
dire predicament—lead unavoidably to a global ecological crisis’. 

The predictions previously discussed were mainly addressed to land 
ecosystems. Workers from the Leningrad Research Computing Center of the USSR 
Academy of Sciences, constructed a mathematical model to evaluate the effect of a 
nuclear exchange on the ecological system of a lake [23]. As input data for their 
simulations, they used the earlier results of their colleagues from Moscow 
concerning the alterations of surface temperature and illumination. The simulations 
showed that ‘nuclear night’ and ‘nuclear winter’ would substantially reduce 
photosynthesis in the water mass, sharply augment the deficit of water-dissolved 
oxygen and fatally affect most of lake zoo- and phytoplankton. 

Another assault generated by a nuclear war, which makes air pollution from 
fires and radioactive fallout look innocent by comparison, would crash down from 
the sky in the form of hard ultraviolet radiation. 

Production of vast quantities of nitrogen oxides in the region of the fireball 
would lead to destruction of the atmospheric ozone layer that protects all living 
things on the Earth from ultraviolet radiation, says Dr. Yuri Izrael, Corresponding 
Member of the USSR Academy of Sciences, in the paper included in this volume. 
Several thousand Mt burst may destroy, perhaps for years ahead, up to 50 percent of 
the total ozone in the terrestrial atmosphere. 

The increase of the UV-radiation flux will be global in scope. The World 
Ocean is more susceptible than any other region of the biosphere to this distress. 
Most unicellular organisms—the mainstay of the foodchain in the marine fauna— 
would die. The destruction of the first segment would entail the degradation of all 
organisms further up the chain. The plant life would also present a defenceless tar- 
get, as ultraviolet 1s capable of breaking up the DNA molecules which control the 
reproduction process. 

In any case, the effects of a nuclear exchange would harshly disrupt the 
functioning of the biosphere. The latter operates normally by stages like a smooth- 
running single planetary mechanism. The first stage involves absorption of sunlight, 
carbon dioxide, water and mineral substances by plants; the second, multiple con- 
versions of organic substances and their utilization in biomass form by animals and 
microbes; the third, degradation of the organics to initial mineral products by 
mineralizing microorganisms. Dynamic equilibrium among these processes on a 
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planet-wide scale is the key to the existence of life during a certain geologic period. It 
also sets the trend of biochemical processes in hard rock, water and the atmosphere. 
As heat energy, carbon dioxide and aerosol are emitted in colossal amounts as a 
result of a nuclear exchange, they would become potent agents óf the 'systems's per- 
turbation' with a potential to upset the dynamic equilibrium evolved over centuries. 

In the tropical areas the equilibrium state is exceedingly labile, delicate and 
‘easily vulnerable’; as such, it would be easily upset on exposure, say, to a sharp 
temperature fall brought about by a ‘nuclear winter’. 

Biologists and physicians espouse definite views on the nuclear war and its 
primary immediate and secondary long-term effects [7]. Our book presents a de- 
tailed discussion on the subject in the article contributed by two noted geneticists, 
both of them Members of the USSR Academy of Sciences and SSC members, Alek- 
sandr Bayev and Nikolai Bochkov. 

Upon checking and double-checking existing factual evidence and new data 
available in medicine and biology on the health and biological effects of a nuclear 
war, medical scientists and biologists declare it unacceptable and immoral for the 
global threat it poses to the very existence of humankind. 

We omitted here any reference to the psychological effects of a nuclear war, 
and they would certainly be horrifying. Academician Natalia Bekhtereva, a 
foremost authority in brain physiology and SSC member, says about them, and I 
quote: "Whilst there might be some human survivors after a nuclear exchange, there 
is absolute certainty that neither the social structure nor the life-support and health 
care systems will bethere. And when all moral values have been lost and no as- 
sistance given to the sick and the dying—then the world would really be a ghastly 
place to live in. As a professional and a specialist in this field of science I can say that 
the human brain would not withstand the horror of it and ceaseto serve man the way 
it does now’. 

One can wonder if the invaluable gift of adaptation that has rescued man- 
kind from most incredible and seemingly desperate situations—if it would provide 
that salutary anchor which people could cling to for adapting to the new ‘ecology’? 
Scientists doubt this. When all environmental parameters abruptly go 'off-scale the 
potential for adaptation becomes acutely reduced. One must be naive indeed to 
count on some renewal of the human race or a new spiral of evolution, A.Bayev and 
N.Bochkov say in their article. Given a background of ruined ecology, extreme living 
conditions, genetic mutations, inbreeding and other scourges the small survivor 
communities would have few chances to sufficiently adapt themselves to propagate 
the human race on the Earth. . 

The previous discussion only focused on some relevant examples of boosting 
and expanding research programs on long-term effects of a nuclear war onthe 
biosphere and man. A great deal is being done in this area by medical scientists, 
physicists and biologists. Their findings merely confirm the previous, extremely 
unauspicious predictions, making them more relevant and convincing. 
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An extremely important question—from a purely scientific point of view— 
bears on the validity and accuracy of the research results. Scientists in many 
countries [7] are working to update the problem’s parameters and the computational 
procedures to suit particular nuclear war scenarios. Importantly, however, the cri- 
tical point after which the irreversible catastrophic changes to the Earth’s climate 
and biosphere would start has been defined—the ‘nuclear threshold’ has a very low 
magnitude, in the order of 100 Mt. 

Among the various trends of the research into nuclear war effects I would like 
to single out one fairly independent and important inquiry that is highlighted by the 
article Ecological disaster: Impact on the Third World. All existing nuclear war 
‘scenarios’ are projected to unwind in the Northern Hemisphere. For people with 
little or no background in the field that projection leaves the hope that the second 
half of the Earth might provide some sort of refuge for the survivors. The hope is 
illusory. In the view of Soviet researchers, there is no uncertainty about this. 
Presently the air masses of the Northern and Southern hemispheres barely mix with 
each other. The atmospheric pollution over the Northern Hemisphere resulting 
from the explosions and the temperature contrasts they would set up would raze the 
invisible wall that partitions the air between two Hemispheres. The circulation pat- 
terns of the air masses will be fundamentally altered and within a short few weeks 
the atmosphere of the Southern Hemisphere would be little different in the degree of 
pollution from that of the Northern Hemisphere. The fact is well borne out by the 
recent results produced at the Computing Center of the USSR Academy of Sciences 
[24]. Thus there will be no region on Earth left unaffected by the catastrophe [25]. 

A careful look at the model of the long-term global effects of nuclear war on 
the Earth's atmosphere and climate leaves neither hopes nor illusions that there will 
bea livable post-war future even for the countries far removed from the most likely 
regions of a nuclear exchange. The planet Earth—a spaceship in the Universe—is 
much too small and fragile to emerge from the upheavals of a nuclear war, even a 
‘limited’ one of 100 Mt. This received yet another confirmation in the final 
document endorsed on January 24, 1984 by the Assembly of Presidents of Scientific 
Academies and other scientists from all over the world concerned with the effects of 
nuclear war on the Earth's atmosphere and climate which the Pontifical Academy of 
Sciences held at the Vatican. The document reads: ‘Calculations show that the dust 
and smoke may well spread to the tropics to much of the Southern Hemisphere. 
Thus non-combatant nations, including those far from the conflict, could be 
severely affected. Such nations as India, Brazil, Nigeria, and Indonesia could be 
struck by unparalleled disaster, without a single bomb exploding on their territories. 
... Nuclear winter implies a vast increase in human suffering, including nations not 
directly involved in the war ... Nuclear war could thus carry in its wake a destruction 
of life unparalleled at any time during the tenure of humans on Earth, and might 
therefore imperil the future of humanity? 
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The document included the signatures of the well-known scientists Charles 
Townes, Carl Sagan, and Victor Weisskopf from the US, Paul Crutzen from the 
FRG, and Carlos Chagas from Brazil to name only a few. 

This and other international meetings of scientists reaffyrmed the statements 
written in the Declaration which the representatives of 36 scientific academies from 
various countries (among them presidents of the National Academies of Sciences 
from the four nuclear powers—the USA, USSR, UK and France) had signed there, at 
the Vatican in September of 1982. Believing that nuclear weapons can be neither an 
instrument of politics nor an instrument of war, the authors of the Declaration 
stated: 

— Nuclear weapons are fundamentally different from conventional weapons. 
They must not be regarded as acceptable instruments of warfare. Nuclear 
warfare would be a crime against humanity. 

— Thecurrent arms race increases the risk of nuclear war. The race must be 
stopped, the development of new more destructive weapons must be curbed, 
and nuclear forces must be reduced, with the ultimate goal of complete 
nuclear disarmament. 

All the nations and states of the world must direct their efforts to this end, 
including of course the peoples of Africa, Asia and Latin America. The ‘atmos- 
pheric bomb' is a global weapon that acknowledges no interstate frontiers and 
geographical regions. 

The fact isinarguable anymore that nuclear weapons are as much of a threat 
to the developing countries as they are to the developed ones. History cautions us in 
all seriousness—in the majority of incidents when the US considered using its 
nuclear weapons, it did so over the events in the developing countries’ region. Is the 
situation any different in our days? Even if not directly aimed at developing 
countries —in case of a nuclear conflict in the Northern Hemisphere—nuclear wea- 
pons will be used against them. A nuclear war, because it would be uncontainable in 
oneregion or even one hemisphere, would hit dozens of states of Asia, Africa and 
Latin America. The conclusionis drawn by our Committee member Anatoli 
Gromyko, Corresponding Member of the USSR Academy of Sciences and Director 
of the Academy's Institute for African Studies. 

Even assuming the nuclear war would not be so catastrophic in the physical 
and biological sense for the developing nations that are no part of the nuclear ex- 
change, still economic and social consequences of a war in the Northern Hemi- 
sphere would be equally devastating to them. 

Every developing economy is currently operating as a component part of the 
world economy. Its dependence on global factors of socio-economic nature is so 
great that the nations's fate is actually one with the fate of the whole system. In Afri- 
can countries, for example, adequate provision of food supplies for the population 
is impossible without substantial food imports from developed countries. Other ex- 
ternal economic relations of the African countries with developed states will 
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presumably become increasingly important in future. If these supply lines are cut 
short in case of a nuclear war in the Northern Hemisphere their loss would spell a 
disaster to the developing economies. 

No less dangerous aftermath would stem from panic, disorganized urban life, 
and the collapse of the established mainstays of authority. Driven by hunger and 
fear, people would get out of control, and in a matter of days reduce urban centers 
from foci of civilization and culture into cesspools of plunder, riots, chaos and 
epidemics. Massive human deaths would ensue. Thus in all respects—whether 
climatic and ecological or social and economic—a nuclear war would amount to an 
unprecedented catastrophe also for the developing countries of Asia, Africa, and 
Latin America. 1 

It is evident from the aspects discussed above that the study of consequences 
of anuclear conflict is a fairly complex and challenging scientific task. In trying to 
assess the whole spectrum of these consequences and their interrelations scientists, 
before they start their investigation, come up against an almost complete 
uncertainty because the possible forms of interaction are difficult to model even for 
the consequences that are already known. 

The very statement of the problem and the success in its resolution, as well as 
important results that were supported and tested by other research groups attest to 
the high standard of quality of Soviet science today. From the purely ‘academic’ 
standpoint, theoretical modelling and rationalizing the consequences of a nuclear 
catastrophe is a world-class scientific achievement of outstanding and lasting 
significance. The effort is certain to be carried forward and given greater scope in the 
future. 

Morally, it is a depressing task to try and apprehend that which must never 
happen. This must be done by scientists so that we will never have to experience just 
how correct their predictions have been. The ongoing comprehensive debate on the 
disastrous consequences of a nuclear war has grown in importance beyond the limits 
of the purely scientific domain. Very many scientists are already well aware of the 
need to wage unrelenting struggle against their common foe— nuclear weapons and 
the danger of nuclear holocaust. 

The political importance of the obtained results cannot be overestimated. It 
suffices to quote here the evaluation by the noted US scientist Professor Thomas 
Malone, ‘It seems to me ... it may well turn out in years ahead to be viewed— 
correctly—as the turning point in the affairs of mankind’ [26] Now it is essential for 
all people on Earth to develop the sober understanding that a nuclear exchange 
cannot be anything less than globalin its destructive aftermaths; that it will affect all 
of the world's regions without exception, and it will wipe out practically all life on 
the planet. This 1s also the message that must be firmly internalized by those who 
define and plan aggressive politics, above all. 

The Soviet Union, on its part—as the country's leaders have repeatedly 
stated —supports without reservations the point of view that a nuclear war must not 
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be allowed in any form. The Soviet Union directs its foreign policy and its military 
doctrine to this end. The prevention of war must become the principal goal and the 
obligatory norm of conduct for all nuclear powers, the magnitude of their nuclear 
potentials notwithstanding’ [27]. 

In the past, and even in the first few decades of the angie eae epoch the 
dominant principle in international relations was a military-power principle. Then, 
the concept of national security was construed to mean quantitative buildup and 
qualitative improvement of armaments [8]. To be sure, the arms race was in those 
days also perceived as evil, but an evil following unavoidably from the international 
disputes of the day. Not so now that the continuing arms race, particularly of 
nuclear armaments, seriously worsens the situation worldwide, while at the same 
time imperilling national security. The phenomenon came to be known as the ‘para- 
dox of the nuclear age’. With progressively larger quantity and higher quality of 
nuclear weapons there is the ever increasing danger of the weapons being actuated 
either by a war policy miscalculation, or out of adventurist militarist ambitions, or 
simply because of technical malfunctions in the modern weapons system. 

If the latest investigations of scientists have effectively led them to formulate 
the concept of a ‘nuclear winter’, they must be all the more effective in convincing 
everybody that the military-power approach is no longer tenable and absolutely 
unacceptable for the settlement of international disputes. It must be recognized that 
modern weapons of mass annihilation are suicidal weapons rather than ‘a more ef- 
fective means of warfare’. All nations and countries need to join efforts and act 
together to urge categorical and absolute renunciation of these types of weapons. 

Needless to say, this is a hard, long path. But it is necessary to start progress 
in the right direction as early as possible. Getting things underway will itself make 
the international situation more healthy. In this context I feel it appropriate to recall 
a series of important proposals our country has put forward in the area of nuclear 
disarmament. They are: 

1. To stop the production of nuclear weapons and then gradually liquidate 
their stockpiles. To implement the proposal, it is necessary to devise a step- 
by-step nuclear disarmament process. 

2. While urging for accords to be reached on nuclear weapons reduction, the 
Soviet Union proposes, as a first step in this direction, to reach agreement on 
mutual freeze of nuclear arsenals by all states that possess these weapons or, 
to begin with, by the USSR and USA alone. 

3. Within the general framework of strategic arms limitation and reduction, the 
Soviet Union has proposed a significant, by more than one quarter, reduction 
in the total number of strategic carriers. The reduction would lead to 
withdrawal of such delivery vehicles from the arsenals of both sides down to 
equal but lower than the formerly existing levels thereby reducing the number 
of nuclear weapons. 
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4. The Soviet Union proposes to immediately ban nuclear weapons. Pending an 
agreement to that end, the Soviet Union has resolved to unilaterally stop all 
nuclear explosions as of August 6, 1985. The moratorium is in effect till 
January 1, 1986, and it will continue to be valid provided the USA for its part 
refrains from carring out nuclear explosions. 

5. The Soviet Union has taken on a unilateral commitment not to bethe first to 
use nuclear weapons and called on the other nuclear powers to follow suit. 
The Soviet scientists believe the freeze is called upon to provide an important 

advance in establishing normalcy and stability in the system of interstate relations as 
it exists in the 1980s and bettering the world political environment. The nuclear 
freeze would be extremely effective in relieving mankind from the threat of self- 
destruction and the wasteful spending of material and human resources on the arms 
race. While by no means a substitute for drastic measures towards nuclear weapons 
limitation and reduction, nor for other moves to strengthen political stability and 
international security, nuclear weapons freeze may well provide the platform and the 
foundation for such moves and accords. 

A major move towards creating an atmosphere conducive to nuclear disar- 
mament came when the international community, by majority vote of the delegates 
at the 38th UN General Assembly, strongly denounced nuclear war and declared it a 
crime against mankind. The discussion proceeded basically along the lines defined 
in the draft Declaration introduced by the Soviet Union. 

If the nuclear powers, primarily the United States, adopt for their foreign 
politics certain norms of relations among states—a ‘code of behavior’ in interna- 
tional politics of the type suggested by the USSR, this could become a milestone on 
the road to real nuclear disarmament. The Soviet Union is appealing to other states 
with a plea 'to strive step by step, onthe basis of the equal security principle, for 
reduction of nuclear armaments up to complete liquidation of all their 
modifications’. 

Regrettably, the West is carrying on with the propaganda treatment— 
unscientific in concept and inhuman in objectives; militarist, on the one hand, and 
deviously soporific, on the other—of hundreds of millions of NATO countries’ 
citizens but mostly the citizens of the United States itself to convince them that 
nuclear war is survivable. It suffices to recall in this context that US Undersecretary 
of Defence for Research and Engineering T.K.Jones claimed it possible for the US 
economy and social structure to restore in 2—3 years after a major nuclear exchange; 
or the US Administration report of December, 1983 on the prevention of natural ca- 
tastrophes, which told the Americans that US agriculture would re-emerge from the 
nuclear catastrophe robust enough to feed the surviving US population. These as- 
sertions present a premeditated anesthesia of the public mind, an attempt at 
obtaining a selfish if transient gain from the current tense situation. 

Let us be frank—the scientists’ conclusions on probable ‘nuclear night’ and 
‘nuclear winter’ are cheerless. Yet they ought to be made known to all people on 
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Earth. But many policy-makers in the West go out of the way to distort the true 
picture, and falsify the key conclusions and warnings signalled by science. 

As known, deception can be wrought by a variety of means. The first is the 
one just described—to keep reassuring people on account of nuclear war that it 
might not be all that fearsome and destructive: the nation could ‘survive’ the war, 
rebuild fairly quickly the not-so-badly-damaged economy, and erase the war from 
memory as a nightmarish dream. 

Another gimmick works by claiming that a panacea of sorts has been found, 
good enough to protect the nation hundred percent against nuclear missiles of the 
adversary. One can merely point out that in either case these claims and assurances 
are not Just false and unscientific, but moreover provocative and therefore extremely 
dangerous. 

In advancing the Strategic Defence Initiative (SDI) the present US Ad- 
ministration leaders proceeded to a large extent from the assumption that arms con- 
trol negotiations was not the way the USA should be going anymore. Instead, they 
claim, it should seek some one-sided ‘technological solution’ to the problem. Space- 
based Ballistic Missile Defence (BMD), if installed, would be the very ‘ideal 
technological solution’ of the kind that never fails to gain credibility among people 
least competent technologically. 

The problem of preventing the arms race in space is not discussed elsewhere 
in this volume. Yet it presents an issue of overriding importance, more so in view of 
the recent ill-conceived demagogic attempts to ‘reconcile and interconnect’ into a 
single tie-up the concepts of ‘star wars’ and ‘nuclear winter’. One such attempt is 
made in an official Pentagon report of March 1985 containing a reluctant if forced 
admission of the incontrovertible fact that ‘nuclear winter’ would be a ‘rather pro- 
bable’ consequence of a major nuclear exchange. However among the ‘most car- 
dinal’ means for preventing the ‘nuclear winter’ the report suggests not arms reduc- 
tion and subsequent liquidation of nuclear weapons, but launching a space-based 
missile defence system in accordance with the Reagan Strategic Defence Initiative! 
Even this fact alone is sufficient to warrant a more detailed discussion on the pro- 
blem of building space-based BMD [28]. The discussion is all the more relevant here 
because, in addition to what has just been said, investigations into non- 
militarization of space are high on the list of principal research activities carried out 
under the auspices of the Soviet Scientists’ Committee [29]. 

After President Reagan publicized the SDI scientists in many countries set 
out to closely examine the concept in its many varied aspects. The conclusions de- 
rived from these investigations confirm once more the thesis keynoted in the Appeal 
to All Scientists of the World by Members of the USSR Academy of Sciences. In their 
assessment of President Reagan's Star Wars project the leading Soviet scientists 
declared that in a nuclear war there can be no effective defences, nor is it possibleto 
develop them. The Appeal emphasizes strongly that in reality the attempt to develop 
the so-called ‘defensive weapons’ against the strategic nuclear forces would 
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unavoidably end up with the appearance of one more component strengthening the 
US first-strike potential. Such ‘defensive weapons’ can give almost nothing to the 
country targeted with a sudden massive nuclear attack since it is clearly unable to de- 
fend the overwhelming majority of its population. The use of anti-missile weapons 
suits most precisely the attacker trying to reduce the power of the retaliatory strike. 
However this would not prevent the full brunt of the retaliatory blow either. One of 
the most important conclusions reached, in particular, by the Soviet Scientists’ 
Committee is that the space-based layers of the anti-missile defence will be much too 
vulnerable to various means of counter-action, both active and passive. These means 
can conceivably be deployed into an effective network faster and at lower cost than 
the anti-missile system itself. Relative to the latter, the cost of the effective counter- 
action system may be no more than a few percent. This ratio is bound to persist even 
with projected escalation in the capability of the anti-missile system and the system 
to counteract it. : 

The essential vulnerability of the anti-missile system's space-based layers 
adds heavily to its destabilising impact. Failing to provide an effective safeguard 
against a massive first attack (launched with the simultaneous use of all counter- 
action devices) such a system could produce the most dangerous illusion of a possi- 
ble protection from the retaliatory strike: the adversary, being already weakened by 
theattack, would find it difficult to respond with counter-measures against orbital 
battle stations. To us itis readily apparent that the US BMD project serves precisely 
to guarantee it impunity after its first nuclear strike. 

Standing in the way of this widescale anti-missile defence development are 
vast technological complexities and virtually fantastic costs, up to 1.5 to 2 trillion US 
dollars. Beyond these, as US Undersecretary of Defence, R.D.De Lauer, disclosed in 
the now well-known statement, the needed R&D come up against at least eight im- 
mense scientific and technological challenges, each the size of the Manhattan Pro- 
ject. I think his analogy is basically wrong. The thing is that, as noted in the report 
of the Office of Technology Assessment, in this particular instance the US scientific 
and technological community would have to struggle their way not only against the 
laws of nature, both predictable and steady-state, but also the intelligent and mighty 
adversary who could exploit in an unpredictable manner the same laws of nature. 

Some Americans probably believe that weapons deployment in outer space 
could provide them some tangible strategic superiority over the Soviet Union. I can 
assure them they are mistaken. As we have stated on so many previous occasions, our 
country, based on the powerful scientific, technological and economic potential, is 
perfectly capable to make a proper response. No less futile are the hopes that, by 
speeding up the arms race, it is possible to subvert the Soviet economy: the whole 
postwar history bears evidence to the contrary. That the SDI assessments by the 
Soviet and American scientists have so closely coincided is significant but not the 
least surprising: the laws of physics apply in the USSR much the same as they do in 
the United States. As for the Americans who have taken faith in the SDI as a ‘pana- 
cea’ to all ills of the nuclear age, they must be under the spell of the dangerous 
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misconceptions created by films of the ‘Star Wars’ type and similar television fea- 
tures. In these productions the ‘good guys’ and ‘bad guys’ shoot at each other with 
personal laser weapons in the manner of shootouts between cowboys and Indians 
except that then they were using Winchesters and six-shooter Colts. 

A realistic assessment of any laser technology devisable in the foreseeable 
future suggests quite a different possibility. Today, by spending half a million dol- 
lars, you can buy a high-powered commercial laser. It will consume 200 kilowatts of 
electricity and fill a room about the size of a small mobile home. But try to usethe 
laser, let us say, to hunt quail and you will fail. 

TheUS Office of Technology Assessment's study shows that the capabilities 
of existing lasers would have to be scaled up approximately 10 million times to make 
them an effective antimissile weapon. Let us imagine that sucha task, only in its 
‘automobile variety’, faced Henry Ford and his successors and they solved it; then 
today we would have an automobile engine smaller than the smallest watch battery, 
which would consume a gallon of gasoline per ten thousand turns around the globe. 

Itis true that not all of the US scientific brainpower was mobilised to resolve 
the problem of the overimproved automobile engine. But had it been, would that 
miniature engine have been invented? No, it would not because the problem is one 
that has limitations imposed by the laws of nature which do not depend on the 
extent of human inventiveness. 

If lasers do not hold much promise, what about accelerators of elementary 
particles? The answer here is even more complicated. If you should go to Stanford, 
Batavia or Serpukhov—all of them sites of giant accelerators used in experimental 
high energy physics—you could figure out for yourself how those constructions, 
each several miles long, can be used as a space weapon? To be sure, the people who 
invent military weapons systems have an unlimited capacity for fantasy. But sensible 
people should remember that the projects of this kind depend, first and foremost, 
on the development of new technical solutions and design of instrumentation that is 
well beyond the imagination, let alone the capability, of scientists today. Devising a 
theory for how these weapons might work is immeasurably easier than designing the 
weapons themselves. 

Another idea for space-based BMD that is presently much in the US public 
debate would involve putting into the Earth's orbit hundreds of nuclear charges that 
could be exploded to transmit the energy to X-ray lasers. This attempt to convince 
the public that death in a nuclear-missile attack can be avoided by hiding oneself— 
to usethe accurate metaphore from a Union of Concerned Scientists document— 
behind the ‘perforated umbrella of a space-based BMD’ has the aim to make the cri- 
minal policy of first use of nuclear weapons easier to carry out [30]. 

Without going into a detailed technical assessment of these projects [31], let 
us suppose that the much-coveted BMD system has been built. What would be, then, 
its functions? Within about one minute, the system would have to locate and destroy 
moving targets of about one square metre in size—the cross-section area of a 
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ballistic missile—at any point in space over practically the entire territory of the 
planet (let us remember that nuclear weapons are carried by submarines that can go 
anywhere in the seas and oceans). 

Technically, this is an implausible task both for the near term or in the fore- 
seeable future. The Washington Post found a very fitting simile to show the absolute 
unreality of having the BMD system to perform reliably its assigned functions. To it, 
the system's objective looks like aiming a ray from atop George Washington's 
monument in the US capital at a baseball on the roof of a skyscraper in New York 
and then steadying it in that position, with both the ray and the ball constantly in 
motion [32]. 

The latest reports on the ongoing anti-missile debate in the USA reveal that 
even many of the system’s proponents are unable to ignore the most serious scientific 
inferences, discussed above, for the impossibility to design a 100 percent effective 
space-based BMD. On this issue one happens to hear them speak more and more 
often that all the system is called upon to achieve is to create for the Soviet Union an 
increased ‘degree of uncertainty’ in its military planning. What they disregard is that 
uncertainty for one side within the existing strategic balance is not confined to this 
side alone. Evidently, growing uncertainty for one side unavoidably lowers the 
degree of predictability in the behavior of both sides and thereby diminishes 
strategic stability. 

Needless to say that such a perception on the role of the anti-missile defence 
totally empties Reagan’s SDI speech on March 23, 1983 of its prime inspiration 
which came exactly from his promise to the Americans to keep down the fears and 
uncertainties emanating from the threat of a nuclear attack. 

To sum up: the scientists’ conclusions about the SDI, based on the profound 
knowledge of the fundamental laws of nature and comprehensive evaluation of 
modern technology and its prospects for further development leave no room for dif- 
ferent reading or arbitrary interpretation. They are categorical and pursuasive in 
their argument [33]. 

Presumably, with so strong a case against the SDI, why should one feel 
continuing concern about the fates of humankind and, more generally, is it worth- 
while to be worried about the prospects for the SDI deployment? Regrettably, this is 
not only worthwhile but vitally necessary. The SD] is indeed an illusion but a high- 
risk one. The risk arises precisely because the concept of the space-based BMD is 
being sold as a realistic alternative to the nuclear disarmament. In actual fact, the 
attempts at implementing the SDI plans do little to diminish the risk of a nuclear ex- 
change—rather they substantially increase it. 

This is because, firstly, the Star Wars program, even if implemented in part, 
would in reality achieve the objective keyed to its much less ambitious but 
nonetheless more dangerous component—the first-strike weapon. More 
specifically, this relates to the development of effective anti-satellite weapons 
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(ASATs) that would significantly upset the strategic stability and give impetus to fur- 
ther escalation of the arms race. Incidentally, some American researchers quite 
rightly view the space-based BMD system, even at the early R&D Stages, as an effec- 
tive ASATs capability that would in a critical situation be able to,‘blind’ the 
adversary by destruction of its command, communication, control, and reconnais- 
sance satellites. But in the nuclear age blinding the foe might well turn out to be 
much like in the biblical myth about Samson when the blinded enemy brings down 
the sky upon the heads of his foes and of course his own head too. 

Secondly, continued research in the SDI area actually opens a Pandora’s box, 
giving green light to the development of varied and many space weapons systems. 
Although not feasible in its full scope, the SDI program is still dangerous precisely 
because it marks the beginning of a new spiral in the arms race—this time in space- 
based weapons. 

Finally, the third risk factor is inherent in progressing towards a global BMD 
development. In itself this undermines the 1972 ABM Treaty, one of the cornerstones 
for all subsequent arms limitation accords. In 1972 everybody was hoping to see this 
treaty followed up with many others bearing likewise on arms reduction. Alas, this 
was not the case. 

Let us re-emphasize that the 1972 ABM Treaty is the basis for all further ac- 
cords in this area. Should the USA decide to go ahead with testing, to say nothing of 
deployment, of space weaponry, the 1972 Treaty would be smashed beyond recovery. 
Ina military confrontation environment this would produce a serious destabilizing 
factor in the world strategic situation and inthe USA-USSR relations. As noted 
above, this would enhance tremendously unpredictable and accidental elements in 
this area. And, in a longer run, this would result in escalating the danger of a nuclear 
war. In this context, it becomes understandable why special importance is attached 
to the current Soviet-American negotiations in Geneva on nuclear and space wea- 
pons. Their ultimate object is to draft effective agreements aimed at preventing the 
arms race in space and halting it on the Earth, at the limitation and reduction of 
nuclear weapons. Of course we are all hoping for the favorable outcome of the 
Geneva negotiations. There is no way to put an end to the arms raceonthe Earth 
without raising a barrier to its deployment into outer space. It is necessary to keep 
the whole sphere of outer space shut tight against the arms race. 

The situation in today's world is such that if one particular weapon type is al- 
lowed to be deployed in space, it can be confidently stated that the deployment of a 
second, third, etc. weapon types will not be far behind. Inevitably, a qualitatively 
new spiral of the arms race will be started off—an arms race in space weapons. And 
again, as in 1945 when atomic weapons appeared on the scene, a barrier has to be 
set—this time to the militarization of space. And again, now as then, the Soviet 
Union is the initiator of such a ban. Our peaceful initiatives in this realm are well- 
known to the world. 
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It is worth recalling that since the very beginning of the space era the USSR 
has invariably stood for keeping outer space an area of peace and cooperation. As 
early as 1958 the Soviet Government tabled to the 13th UN General Assembly a 
Memorandum on the Prohibition of Military Uses of Space. In 1981 the USSR 
introduced a Draft Treaty on the Prohibition of Any Weapons Deployment in Space 
and in 1983 proposed in the UN concluding a Treaty on the Prohibition of the Use of 
Force in Outer Space and from Space against the Earth. At the 38th General 
Assembly 147 states voted for a resolution suggesting that the Disarmament Con- 
ference should give first priority in the discussion to the prevention of the arms race 
in space in allits aspects. Even the US allies, except the UK who abstained, voted for 
the resolution. The United States alone voted against it, thus showing once again its 
neglect of the attitude assumed by practically all UN members. 

Before nuclear weapons were actually used for the first time it had been true 
to say that humankind was immortal, though each human individual was mortal. To 
a considerable extent we saw in this fact the meaning and significance of our life. 
After Hiroshima and Nagasaki we are painfully aware that mankind’s immortality 
can no longer be guaranteed. A cancer tumor has appeared in the body of mankind. 
Just as the sick man usually rejects the very thought of cancer and goes on living by 
illusions, whilst in the meantime the metastases keep proliferating in the body, so 
mankind is now moving ever closer to the point of no return. ‘Prescribing’ space- 
based defence systems as the 'cure for the ills of the nuclear age' is like prescribing 
aspirin for cancer treatment. In either case a surgical operation would be much more 
remedial. 

That mankind has not the right to allow its own nuclear suicide is the truth in 
the last instance. Given the current East-West nuclear parity, further escalation of 
the arms race, with the attended possibility of a new qualitative spiral in the ar- 
maments buildup and, moreover, its expansion into outer space, can only produce 
totally unpredictable consequences. 

I hope that the research efforts of the Soviet scientists which are highlighted 
in this volume, and the Soviet Scientists’ Committee joint projects with foreign 
colleagues will indeed provide a new impulse for progress toward nuclear disar- 
mament. But the most important single output they are providing already lies in 
scientific information which must motivate every inhabitant of our planet with a 
sense of responsibility to reach—now!—the necessary conclusions for himself and 
act accordingly. 

The Soviet scientists have faith in the power of the human mind and its 
ability to stave off the catastrophe. The sober and evenhanded assessment by 
scientists of the current perspectives for ‘nuclear night’ and ‘nuclear winter’ 
obviously must not cause pessimism and apathy. Rather, it should issue an addi- 
tional alarm signal, a plea for redoubled vigor, and stimulate further broad scientific 
and public action. More so because, for all their unfeigned and readily explainable 


31 Ye. Velikhov. Introduction 


worry and concern for the future of mankind, the scientists maintain profound 
optimism. 

To illustrate this, we are giving the following relevant opinions of Soviet and 
American scientists taken from an interview for the SSC-sponsored documentary, 
The warning, a reflection on antinuclear sentiment relating the concept of a ‘nuclear 
winter’. To the questions ‘Will the world survive until the year 2000?’ and ‘How do 
you think the nuclear war threat can be prevented?’ the scientists replied: 

SSC member, Professor Mark Mokulskii: ‘I think it will and perhaps it will 
become even a better world than now. Much depends on what scientists will be busy 
doing in the meantime 

SSC member, Academician Natalia Bekhtereva, ‘I guess it would be difficult 
to live in this world even a day or two unless one believes in its survival. I do believe in 
It, but that needs greater vigor and urgency in having broader masses of people join 
in the struggle for peace 

SSC member, Corresponding Member of the USSR Academy of Sciences 
Georgi Golitsyn, ‘I think the world will survive until the year 2000 provided man- 
kind shows enough good sense. As a scientist, I feel it my duty to evaluate the atmo- 
spheric and climatic consequences of a probable nuclear exchange as completely 
and accurately as possible 

SSC member, Corresponding Member of the USSR Academy of Sciences 
Anatoly Gromyko: ‘It certainly will, but it is going to have to fight all the way 
against the menace of nuclear annihilation. I feel that only by continuously op- 
posing the nuclear threat can peace be secured for the world nations. This can be 
achieved through a growing unification of vigor and effort among the peoples, gov- 
ernments, scientists, and all those who hate to see our tiny planet Earth consumed in 
the flames of a nuclear war. 

President of the Federation of American Scientists, Professor Frank von 
Hippel was positive that the world would survive until the year 2000, provided ef- 
forts of the kind now being taken by scientists gathered enough support. As a first 
step to a durable peace, he believes, it is necessary to draft and put into effect a 
nuclear freeze agreement. 

Professor John Holdren, President of the US Scientists’ Pugwash 
Committee, felt there was a chance that the world we live in could cease to exist be- 
fore the year 2000 as a result of a nuclear war. But there is an equal chance that it 
could survive if all of humanity reason, experience and wisdom are summoned to 
avert the war. The chance would become real once every human being recognized 
that the only sensible course for human civilization lies in the reduction of the 
world's nuclear arsenals, and the sooner the better. 

For me, I can only repeat what I said then, as I was interviewed by the film 
crew. Yes, Iam sure the world will survive until the year 2000. This will be so, first 
and foremost, because today very real and sufficiently powerful forces are in action 
struggling for the continuation of life on Earth. The major one among these is the 
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strong will for peace amongst the overwhelming majority of people on the Earth. 
Living atop the heaps of nuclear weapons stockpiles mankind is still keen to believe 
that the people with responsibilities for the destinies of nations and states do have 
the wisdom, the restraint—even at the most critical moments—and the common 
sense to never use these weapons in full knowledge of its consequences. 


Ours is a ‘golden age’ of science whose successes over the recent decades have 
been on a grand scale. The moral duty of scientists is to turn all gains of modern 
science to serve mankind and its continued social and economic progress. For the 
Soviet scientific community I must say that to my colleagues and to myself great 
satisfaction comes from the understanding that our efforts to make clear to world 
nations the consequences of a nuclear war and contribute to averting a nuclear ex- 
change fully accord with the activities of the Soviet Union and the countries of the 
socialist community on the foreign-policy scene. It suffices to read the reports and 
ad hoc papers of our Committee, to digest the practical recommendations contained 
therein and to compare these with the relevant Soviet proposals in order to under- 
stand how much more confident we, the Soviet scientists, feel in the area of peace- 
work with the backing of the Soviet State's fundamental commitment to a peace- 
loving foreign policy and its day-by-day practices in carrying it through. 

Itis hard for a scientist to back an unjust cause. It is even harder to advocate 
or support the inhuman plans for a nuclear war and the pseudoscientific concepts 
which, if they were to become real, would lead to the destruction of life on Earth. 
These hardships are not and have never been experienced by the Soviet scientists. 
They are convinced of the need to lay open the range and extent of the danger from 
the catastrophe threatening mankind; to provide objective and scientifically relevant 
information for all those who enroll in the world-wide antiwar movement; and to of- 
fer credible and precise assessment of current situation. They act on this their 
conviction in the hope to assist effectively the peace forces and contribute their fair 
share to resolving the number one problem of modern times—the prevention of 
nuclear war. 


References 


1] Ye.PVelikhov. Vek XX i mir [The 20th century and peace], no.5: 5 (1984). 

Ye.I.Chazov, L.A.Il'in, and A.K.Gus'kova. Yadernaya voina: mediko-biologicheskiye 
posledstvija. Tochka zreniya sovetskikh uchonykh [Nuclear war: medical and 
biological consequences. The view of Soviet scientists]. Moscow, APN, 1984. 

[ 3] FAS public interest report, vol.36, no.10: 7 (1983). 

[ 4] Ibid, vol.37, no.1: 1 (1984). 

[ 5] Ye. P.Velikhov. The Washington Post, June 24, 1984. 

[ 6] The Cold and the Dark. The World after Nuclear War. Proc. Conf. on long-term cons. 
of nucl. war. New York—London, WW.Norton and Co. Publ., 1984. 


33 
[ 7] 


[10] 
[11] 
[12] 
[13] 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 


[20] 
[21] 


[22] 
[23] 
[24] 
[25] 
[26] 


[27] 
[28] 


[29] 


[30] 
[31] 
[32] 


[33] 
[34] 


Ye. Velikhov. Introduction 


The worldwide consequences of nuclear war. Kennedy-Hatfield Joint Amer.-Sov. 
Forum on Nucl. War. (Transcript) Washington D.C., Nuclear Freeze Foundation, 
1983. 

V.F.Petrovskii. Mezhdunarodnaya zhizn; no.8: 38 (1984). E 

R.Sagdeyev. In: The Cold and the Dark. The World after Nuclear War. Proc. Conf. on 
long-term cons. of nucl. war. New York-London, WW.Norton and Co. Publ., 1984: 
147. 

Vek XX i mir [The 20th century and peace], no.10, 1984. 

V.1.Goldanskii and S.P.Kapitsa. Izvestiya, July 24, 1984. 

P.J.Crutzen and J.W.Birks, Anbio, vol.11, no.1—2: 114—25 (1982). 

S. N. Rodionov. Energetika prirodnykh katastrof [Energy patterns in natural catast- 
rophes]. Moscow, Inst. Cosm. Studies preprint, 1984. 

C.Mass and S.Schneider. Journal of Atmospheric Science, vol.34: 1995 (1984); 
H.Stommel and E.Stommel. Scientific American, vol.240, no.6: 176 (1979). 

The Coid and the Dark. The World after Nuclear War. Proc. Conf. on long-term cons. 
of nucl. war. New York-London, WW.Norton and Co. Publ., 1984: 82-3. 

Ibid.: 101. ' 

Ibid.: 84. 

Ibid.: 86. 

R.Turco, OTToon, T. Ackerman, J. Pollack, and C.Sagan. Scientific American, no.8: 
33—43 (1984). 

Vestnik Academii Nauk USSR, no.9: 48 (1983). 

A.B.Pittok. Summary of discussion with Dr.D.Ball. Preprint for the SCOPE- 
ENUWAR, 14—16 May, Leningrad, 1984. 

Yu. M.Svirezhev, V.E.Krapivin, and A.M Tarko. Reports of Int. Seminar on climat. 
cons. of nuci. war and their effects on biosph. Preprint. May 14—16, Leningrad 1984. 
V.Ponomarev, V.lvanishchev, and V.Mikhailov. Reports of Int. Seminar on climat. 
cons. of nucl. war and their effects on biosph. Preprint. May 14—16, Leningrad, 1984. 
Science News, vol.126, no.13: 204 (1984). 

Moskovskiye novosti, [Moscow news], no.19: 5 (1984). 

The Cold and the Dark. The World after Nuclear War. Proc. conf. on long-term cons. 
of nucl. war. New York-London, WW.Norton and Co. Publ., 1984: 150. 

Pravda, June 2, 1984. 

Ye.P.Velikhov. Pravda, April 30, 1984; Ye.P.Velikhov and A.A.Kokoshin. Moskovskiye 
novosti, July 22, 1984. 

Outlooks for creation of US space-based ballistic missile defence and its probable 
impacts on military and political situation in the world. (In Russian) SSC report, 
Moscow, IKI AN SSSR, 1983. 

Space-based ballistic missile defence. Cambridge, Mass., Union of Concerned 
Scientists, 1984. 

H.Bethe, R.Garwin, K.Gottfried, and H.Kendall. Scientific American, no.10: 39 
(1984). 

The Washington Post, October 16, 1983. 

A.G.Arbatov. USA: economy, policy, ideology. (in Russian), no.12: 24—5 (1984). 
Ye.PVelikhov. Mezhdunarodnaya zhizn, no.7: 22 (1983); Ye.PVelikhov. Vestnik Ak- 
ademti Nauk SSSR, no.9: 21 (1983). 


part one 





Long-term worldwide 
consequences of a 
nuclear war 


Yuri Izrael 

Changes in the atmosphere due to a nuclear war 
Georgi Stenchikov 

Climatic consequences of nuclear war: CCAS model 
Georgi Golitsyn, Aleksandr Ginsburg 

Natural analogs of a nuclear catastrophe 
Nikolai Bochkov, Aleksandr Bayev 

Medical consequences of a nuclear war 
Anatoli Gromyko 

Ecological disaster: Impact on the Third World 


Yuri Izrael 





Born 1920. Graduated 
from Central Asia State 
University in 1953. Doctor 


of Mathematics and Phys- 


ics. Corresponding Mem- 
ber of the USSR Academy 
of Sciences. Director of 
the Laboratory for Moni- 
toring of Natural Environ- 
ment and Climate, USSR 
Academy of Sciences. 
Chairman of the USSR 
State Committee for Hy- 
drometeorology and Con- 


trol of the Natural Environ- 
ment. The First Vice-Presi- 


dent of the International 
Meteorological Organiz- 
atlon. Specialist in geo- 
physics, physics of the at- 
mosphere, ecology 


Corresponding Member of the USSR Academy of Sciences 


Changes in the atmosphere 
due to a nuclear war 


Vs Thei intensive economic activity in which mankind engages in times of peace 
results in large-scale even global ecological changes on the planet. The entire 


biosphere has been affected by man. Certain global problems, such as possi- 


! bleclimatic changes, due to human activity, possible changes in the Earth's 


ozone layer, global pollution of the World Ocean and long-range (transboun- 
dary) transport of various toxic pollutants, have already emerged. Should a 
nuclear war break out and weapons of mass destruction be employed, the ef- 
fect on the biosphere would be of a much greater magnitude. In this case the 
very existence of the biosphere in its present forms, and of organic life on 
Earth would be seriously jeopardized. - 

Obviously, the anthropogenic global problems and the severest effects 
already evident indicate the most vulnerable elements of the biosphere. With 
the information now available on global anthropogenic effects (and 
calculating models) it may be possible to estimate the consequences of ex- 
treme situations, including those that would occur after a nuclear war. 
Large-scale consequences of a possible nuclear war have been treated ina 
number of papers [3, 4, 7, 8]and were discussed at the international con- 
ferences: “To Save the World from the Threat of Nuclear War and to Ensure 
Disarmament and Peace’ (Moscow, USSR, May 1983) and “The World after 
Nuclear War’ (Washington, D.C., USA, 31 Oct. to 1 Nov. 1983). The aspects 
of anuclear war mentioned above were analyzed by this author in his report 
‘Meteorology and Society’ to the Ninth Congress of the World 
Meteorological Organization (WMO), May 1983. 

The conclusions of scientists from various countries concur completely on 
the most important point: a nuclear war would cause irrepairable damage to 


our planet and to all life on Earth. 


Massive nuclear explosions would be accompanied by the development of 


very complex physical and chemical processes in the environment which would lead 
to large-scale geophysical and ecological consequences. 


The description and prognosis of these consequences require a thorough 
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analysis of their major effects and the mechanism of their influence on the 
biosphere. The long-term factors of these effects and their geophysical and 
ecological consequences are investigated in this paper. 

The calculations were made assuming a nuclear exchange with a total yield of 
5,000 Mt, half of which being surface or contact explosions. 

The most important long-term effects which would lead to serious 
geophysical and ecological consequences are: the pollution of the biosphere with 
radioactive products from the explosions, the pollution of the atmosphere with 
aerosol particles and gaseous substances which would form during the explosions 
and the accompanying fires. 

Atmospheric pollution (of both the troposphere and stratosphere) by aerosol 
particles and the gaseous substances resulting both from the explosion itself 
and secondary factors (burning of forests, cities, and oil and gas fields) would con- 
tribute significantly to the possible ecological consequences. 

Thechange in the albedo of the Earth's surface (mainly due to fires) may also 
have negative consequences. The potential geophysical and ecological consequences 
of these factors are listed in Tables 1 and 4. 


Table 1 Main geophysical consequences of different 
harmful effects 
Principallarge-scale effects Potential consequences 
1 Contamination of the biosphere Radiation contamination of ecosystems 
by radioactive products Change in the atmosphere’s electrical 
properties 


Change in the ionosphere’s properties 
a a e a a a 
2 Atmospheric pollution by aerosols Change inthe radiation properties 


of the atmosphere 

Weather and climatic changes 
Deterioration of the ecosystems 
(especially marine) 

because of the reduction inthe 
solar radiation flux 


Atmospheric pollution by various 


gases (methane, ethylene, 
tropospheric ozone, nitrogen 
oxides, etc.) 


a of the troposphere Variations in the radiation properties 
of the atmosphere, weather and climatic 
changes 
D ofthe upper Variations in the radiation properties 
atmosphere of the upper atmosphere; disturbance in 


the ozone layer 

Alteration in the penetrability of the 

upper atmosphere to ultraviolet 

radiation, climatic changes 
Changes in the albedo of the Climatic changes 


Earth's surface 
eee et O OO 
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The main ecological consequences include mass radiation and other damage 
to the biotic component of ecosystems (including the damage related to the reduc- 
tion in the solar radiation flux passing through the atmosphere), possible weather 
and climatic changes, the destruction of the Earth’s ozone layer, radiation and elec- 
trical alterations of the troposphere, and disturbances in the ionosphere and 
magnetosphere. 

The radioactive products of nuclear explosions, falling out from radioactive 
clouds, would contaminate the area downwind for hundreds and even thousands of 
kilometers [2, 5]. Surface bursts would produce particularly heavy contamination. A 
nuclear explosion with a yield as given above centered in the midlatitudes of the 
Northern Hemisphere would contaminate (in case of surface bursts) almost all of 
Europe and the middle part of North America. The total dose of gamma radiation 
in the contaminated area would exceed 400—1,000 rem [3, 4]. Contamination of the 
land by the long-lived isotopes, Strontium-90 and Cesium-137, would be up to 4—10 
Ci/km/?. The global contamination (tens of degrees in latitudinal direction) by these 
isotopes would reach 2-3 Ci/km’. 

These doses and contamination levels are too high and are very hazardous to 
humans. Vegetation would suffer less, although grave damage would be done to con- 
ifers. Many insect populations and other invertebrates would be seriously affected, 
especially those in the soil, and this would result in serious ecological consequences. 

Some radioactive isotopes, particularly Iodine-131 and the isotopes of stron- 
tium, ruthenium and barium are mobile and migratory, the latter being carried by 
underground and surface water. Plants easily absorb the isotopes of tungsten, yt- 
trium, strontium and ruthenium through their root systems. Cerium and cesium 
isotopes are less easily absorbed [6, 10]. All this may have serious secondary effects 
on the ecosystem and the isotopes may be consumed by the population in 
agricultural products. 

Atmospheric pollution by aerosols and toxic gases will result both from the 
explosion itself and from the inevitable mass fires that would follow a nuclear at- 
tack. The surface bursts are accompanied by the injection of an immense amount of 
soil (dust) into the atmosphere: up to 5 thousand tons of soil per kiloton of explo- 
sion yield, some of this being vaporized [5]. The evaporated portion would then be 
transformed into highly dispersed aerosols with an average size of less than a 
micrometer. Most of the soil would fall out in the vicinity of ground zero, but the 
highly dispersed aerosols would fall out on the Earth's surface weeks, months, or 
even years later. 

The average size of aerosol particles produced by air bursts is a fraction of a 
micrometer [5]. The higher the altitude of the burst, the smaller the total mass of soil 
injected into the radioactive cloud. In the case of a high-altitude air burst, this mass 
would equal the mass of the explosive device and apparently would contain from 
one to several tons of soil per burst. 
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The ratio of surface to air bursts is hard to predict. However, we may presume 
that both types of explosions would be employed widely in war. We have analyzed a 
scenario in which half the explosions are surface bursts. 

The aerosol particles are evidently formed as an immediate result of soil be- 
ing crushed by explosion, the condensation of evaporated material and the fires in- 
duced by bursts. The total injection of ground (rock) from the funnel of the surface 
burst would then be approximately 5,000 tons per kiloton of yield [5, 9]. Only a small 
proportion of that mass is retained in the stratosphere for a long time as highly 
dispersed particles (particles smaller than 1 jum). The particles formed as a result of 
the condensation of evaporated material (of the ground and the explosive device 
itself) belong to this category of highly dispersed particles. 

A surface burst would melt 180—200 tons of soil per kiloton of yield (0.3—0.4 
of the mass of the soil that would be melted by an underground burst) [5]. An 
underground burst vaporizes 50—70 tons of rock per kiloton of yield, hence we may 
presume that a surface burst would vaporize 15—25 tons of rock per kiloton of yield 
(or 0.3—0.4 of the melted mass), although some authors believe that the figure may 
range from 1.5 to 25 tons per kiloton [7]. 

The size, activity, number, mass, volume, and surface distribution of the par- 
ticles from a surface burst is described lognormally [5]. 

For the number of particles we have: 


logd (logd — logd)? 
2 — —— 


20° 


N(d;, d2) = = | e d(logd) (1) 


logd, 


where d is the diameter of particles in um and o is dispersion. For an explosion in 
silicate soil: logd = 2.053, ø = 0,732; for an explosion on coral: logd = 2.209, 
a = 0.424. 

This distribution is very close to those for the particle activity, mass, and 
volume [7]. The distribution may thus be applied to the substance injected into the 
nuclear explosion cloud. It permits us to calculate the mass of particles smaller than 
1 um: M(r < 1 um) < 0.2 percent for explosions in silicate soil, and M(r < 1 pm) < 
< 10~* for explosions on coral. 

The total amount of material injected into the cloud (when total yield 
is 5,000 Mt) is 9.6 x 105 tons[9], 80 percent of which goes into the stratosphere, and 
the percentage of particles smaller than 1 um would be 8.4 percent. The total mass of 
highly dispersed particles in the stratosphere would thus be 80 Mt. 

The upper limit for the mass of the particles smaller than 1 um computed 
from formula (1) (viz. 0.2 percent) indicates that the amount of these particles would 
not exceed 2 Mt, and it is estimated as 50 Mt if calculated from the total injected rock 
(5,000 t/ kt). Should we consider the mass of the vaporized material which would 
form highly dispersed aerosol particles during condensation (no more than 20 per- 
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cent of the high-melting products of the explosion that would be initially vaporized 
would remain in the cloud for a long time [20]), the stratospheric aerosols for a 5,000 
Mt yield (half the explosions are surface bursts) would be less than 12.5 Mt in mass, 
but that is the amount formed only from the vaporized material. For comparison, 
the mass of aerosol particles smaller than 1 um injected into the stratosphere during 
the eruption of El Chichon (1982) was 23 Mt after a month, and 8.3 Mt after six 
months [21]. 

The mass fires in cities, forests, and gas and oil fields which would follow a 
nuclear attack would have a significant effect. Considerable quantities of carbon 
monoxide and dioxide, other gases, soot and aerosol particles would be produced by 
the fires. The altitude and ability of the ascending convection currents produced by 
mass fires to penetrate the stratosphere can be approximated using the theory of tur- 
bulent jets, which has been developed for sources of comparatively low intensity. 

Calculations have been performed for a two-layer atmosphere [22], and it has 
been demonstrated that given a source of 10° kW, a jet would rise in a dry standard 
atmosphere to an altitude of 2,000 m. The altitude of the jet is proportional to the 
fourth root of the thermal capacity of the source. The assumption behind the 
calculations was that the altitude of the tropopause was 11,000 m, the troposphere 
had the stratification of a standard atmosphere (y = 0.65?/100 m), and the 
stratosphere was isothermal (y = 0). The initial radius of the jet was Ro = 500 m, 
the vertical velocity of the wind wo = 20 m/s, and the temperature differences be- 
tween the jet and the surrounding air of ATo = 100, 200, and 300 °C were taken as 
boundary conditions near the Earth's surface. These parameters correspond to heat 
sources Q = c RóoCpwoA To (o is the air density and Cp is the heat capacity of air at 
constant pressure) of 0.9 x 10?, 1.85 x 10°, and 2.8 x 10? kW. 

Calculations show that given a 1 to 2 x 10? kW source, the jet can reach an 
altitude of 11,000—12,000 m, i.e. penetrate the stratosphere. This power corresponds 
theoretically to a forest fire over 10 km? with a rate of burning of 3—5 g/ m^ : s, which 
means the complete combustion of the forest (all wood) in 1—3 hours. 

Phase transitions due to the presence of moisture in the atmosphere (the 
moisture will increase as the forests burn) would help the air to rise in convection 
currents as a result of condensation heat release. 

Calculations indicate that vertical air velocity of jets propagating through a 
moist atmosphere would be approximately twice that in a dry atmosphere. The up- 
per limit of the meteotron jet rise in a standard moisture-saturated atmosphere is ap- 
proximately 6,000 m compared with 2,000 m in a dry atmosphere, the source power 
remaining the same in both cases [22]. 

The most severe forest fires result in the combustion of the wood in one per- 
cent of the total forest area after a month of burning. Smoke from such fires usually 
reaches an altitude of 1.5—2.5 km. Local vortex fires (with a burning time from 1 to 
1.5 hours) produce convection currents which rise to a maximum of 5—6 km. 
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Burning cities release much higher energies per unit area due to the higher 
concentration of combustible material; indeed a ‘firestorm’ may occur with higher 
plume rise. Firestorms are the most dangerous type of mass fire. In a firestorm many 
fires merge into one gigantic fire with an extremely high convective activity. The high 
convective columns and powerful air flows towards the centre of the fire are the 
features of a firestorm. 

The above-mentioned facts indicate the low probability of the injection of 
significant amounts of aerosol particles from forest fires into the stratosphere. The 
probability increases in case of burning cities. 

Recent investigations [4, 9, 23] indicate that the planet may cool significantly 
as a result of a nuclear war. A severe ‘nuclear winter’ and its catastrophic ecological 
consequences have been predicted. Several scenarios of a nuclear attack with 100 
to 25,000 Mt yields were treated in [9], and a baseline scenario of 5,000 Mt war in the 
Northern Hemisphere was analyzed. It was concluded that the amount of highly 
dispersed dust released by the explosions and capable of staying in the stratosphere 
for a long time is very important. As mentioned in [9], the injection of submicron 
particles into the stratosphere could reach approximately 80 Mt (if the total yield of 
the bursts 1s 5,000 Mt). 

Besides the fine particles caused by explosions, highly dispersed smoke and 
soot particles released from the mass fires which would follow a nuclear attack, 
would significantly influence the quantity of solar radiation penetrating through the 
atmosphere. 

It is assumed [9] that 1.9 g/cm? of combustible material would burn in cities, 
and 0.5 g/cm? (over the territory of 5 x 10° km?) would burn in forests. The total 
amount of smoke would reach 2.25 x 10? tons, 5 percent of which would go into the 
stratosphere. All this would result in a rapid increase in the optical depth of the 
atmosphere. 

In the baseline scenario (5,000 Mt) the initial optical depth of the atmosphere 
characterizing its absorption extent (for wavelength 550 nm) would be around 4.0 of 
which 1.0 is the effect of stratospheric dust and 3.0is dueto tropospheric smoke. 
After a month the optical depth would fall to 2.0. Two or three months later the in- 
fluence of the dust would prevail since the soot and smoke would have been 
deposited as a result of precipitation. This change in optical depth would result in a 
temperature drop. The baseline scenario assumes that after 3 or 4 weeksthe 
temperature would drop by 30 °C to reach — 23 °C. The negative temperatures 
would remain for several months. The paper emphasizes again that the soot layers in 
the troposphere would bring about a drastic short-term cooling of the Earth's sur- 
face, whilethe fine-dispersed dust in the stratosphere would cause a long-term cool- 
ing for a year or more. It is also indicated that provided the number of submicron 
particles does not exceed 10 ton/kiloton (i.e., not more than 50 Mt for the 5,000 Mt 
total yield), the dust's optical effect would not exceed that of a high-yield volcanic 
eruption. 
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According to the assessments in [11], the aerosol particles injected into the 
stratosphere from high-yield volcanic eruptions may affect the atmospheric rad- 
lation balance and cause climatic changes (temperature drop), but presumably by 
not more than 1—2 °C. According to the data in [24] the eruptioci of El Chichon will 
cause a maximum cooling in the Northern Hemisphere by 0.58 K, three years after 
the eruption. 

The fires following a nuclear attack would presumably burn up to 2.5 billion 
tons of fossil fuel (petroleum and gas) in fields and tanks; while the forest fires 
would spread over an area of 10° km? (underestimated values) [4]. This area houses 
approximately 2.2 x 10!? g of wood (in terms of dry material, or 10!$ g of carbon 
and 10'4 g of fixed nitrogen). Should we presume that approximately 25 percent of 
the available phytomass burn, 2.5 x 10? g of carbon would be released into the 
atmosphere, which together with the burned fuel would make about 4 gigatons of 
carbon (1 gigaton — 10? tons). This would increase the CO; content of the atmosph- 
ere by a mere 2—3 ppm (the present total CO; content being 700 gigatons). 

Forest fires form large quantities of highly dispersed particles: up to 75 kg per 
ton of burnt material. The total quantity of dispersed particles would reach 
2 x 10! g, which is comparable to the present annual production of anthropogenic 
aerosol particles (smaller than 3 um). This higher concentration acting as 
condensation nuclei, would affect precipitation formation. 

The aerosol particles about 0.1 ym in diameter, including soot particles which 
make up 25 percent of the total, that would result from the fires strongly absorb 
sunlight in the visible infra-red. The solar radiation over large areas would thus be 
reduced by a factor of about 150 in few weeks. This would significantly influence the 
ecosystems (especially the marine ecosystems) and agricultural yield. 

The fallout of sooty particles on the surface of glaciers, sea ice and snow (in 
winter) would induce them to melt rapidly and would disturb the cryosphere 
substantially. 

The amount of carbon monoxide released from mass fires would reach 
2—4 x 10!* g (by carbon), while the nitrogen oxides released would be 
0.15—0.3 x 10'* g (by nitrogen). These are comparable to or little more than the ann- 
ual anthropogenic production of these impurities. Ethylene and propylene released 
into the atmosphere (in tens of teragrams, 1 Ig = 10? g) are important components 
of photochemical smog. 

Exploded gas fields would release a considerable amount of unburnt meth- 
ane (CH4), ethane (C2H6), and propane (C3H6). The concentration of ethane would 
then increase up to 50—100 ppb* (normal concentration is 1—2 ppb). 

If catalysts such as the nitrogen oxides are present in the troposphere, smog 
develops and large quantities of tropospheric ozone are produced (from methane 
and oxygen). A dangerous phytotoxicant is generated, viz. peroxy acetyl nitrate, the 
concentration of which may reach 1—10 ppb (normal concentration is 0.1 ppb). 


* Here 1 ppb=part per billion = 107° 
by volume. 
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Evidently, this development would occur after the sedimentation of most of the 
aerosol particles after the atmosphere has been cleared. 

The concentrations of tropospheric ozone may then increase up to 160 ppb. 
A smog production on a global scale is possible. The increase in tropospheric ozone, 
ethane, and other minor constituents would lead to a greenhouse effect, significant- 
ly changing (by a stable rise) the mean temperature of the Earth, raising it by at least 
4—5 °C on average in the Northern Hemisphere [7]. 

It is indicated in[13] that a 30-ppb increase in the concentration of 
tropospheric ozone alone (when background value is 30 ppb) would lead to a 
temperature rise of 0.67 °C. 

All this would lead to pronounced global climaticchanges which would 
result in significant drying, desertification, redistribution of water resources, losses 
of agricultural crops, and withering of vegetation. 

It should be noted that the influence of gaseous impurities produced by the 
explosions and the potential greenhouse effect have not been taken into account as 
major factors influencing possible climatic changes in the papers so far published, 
with the exception of this author's paper [7]. The effects of the radioactive products 
of explosions on the atmosphere have not been considered either. 

The concentration of radioactive products of nuclear explosions (8 x 10!! Ci 
a week after the explosion, assuming that 20 percent of the energy is released by a fis- 
sion reaction) evenly distributed in the troposphere (which would account for ap- 
proximately 10 percent of the total radioactivity) would reach 5 x 10  Ci/m? and 
the consequent release of energy from them would reach 5 x 107’ MeV/m? . s. 

This would ionize the air two orders of magnitude more than it is today 
which would change the air's electric conductivity by 10 percent [18]. Obviously, this 
would substantially change the atmosphere's properties. The destruction of the at- 
mosphere's ozone layer by a nuclear blast would be substantial as well. It would be 
primarily due to the interaction of stratospheric ozone with the enormous quantities 
of nitrogen oxides produced in the high-temperature zones of the nuclear 
explosions. 

It has been estimated that (0.9 + 0.6) x 10°? or about 10? nitrogen oxide 
molecules are produced per megaton of explosion yield [3]. Using different scenarios 
with the height of the nuclear cloud for different yields being considered, it has been 
calculated that a series of nuclear explosions of 10* Mt yield would destroy from 30 
to 70 percent of the ozone in the ozonosphere of the hemisphere where the explo- 
sions took place, and that it would require from 2 to 4 years for the ozone to return to 
normal levels [3, 4, 8]. 

An analysis of the photochemical consequences of the Tunguska meteorite 
indicated that the ozone concentration was considerably reduced due to the release 
of a great quantity of NO, into the stratosphere[19]. The amount of NO, produced ` 
10 km or more above the impact zone as a result of the shock wave from the falling 
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meteorite is estimated to have been 3 x 10’ tons, which is the equivalent of 6 x 10?? 
molecules of NO,. Authors differ, and this value may have been overestimated by a 
factor of 10. A comparison of calculations and observations indicates that the total 
ozone concentration in the Northern Hemisphere may have been reduced to 45 per- 
cent the year after the meteorite fall. 

The short-term effects of nuclear explosions on stratospheric ozone being in- 
adequately covered in literature, we have studied the short-term effects of high-yield 
atmospheric nuclear explosions of the megaton range (including multiple explo- 
sions) on the ozonosphere with regard to photochemical processes and atmospheric 
diffusion [8]. 

The results of our calculations depend substantially on the distribution of 
nitrogen oxides (their concentration with respect to height) which is determined, in 
turn, bythe height to which the cloud rises. This height depends on the explosion 
yield and the meteorological conditions, primarily on the distribution of 
temperature with height. In equatorial latitudes, where the tropopause is higher, the 
level at which the cloud stabilizes is higher than that in polar latitudes. 

In moderate latitudes the cloud stabilizes from 15 to 40 km up for explosions 
of 10 to 40 Mt yield [5]. This, however, is where about 80 percent of the stratospheric 
ozone is present [14, 1]. The cloud from a 1 Mt yield explosion does not rise so far, 
stabilizing approximately between 10 and 20 km. It takes a cloud about 10 minutes 
to riseto the altitude of stabilization. 

The volume of the cloud of a 1 Mt yield explosion is approximately 107? cm? 
and increases in proportion to the yield. Thus, the average initial concentration of 
nitrogen oxides in the stabilized cloud would be (0.9 + 0.6) x 10 mol/cm’ prac- 
tically independent of the yield. (This value is 20—30 times that used in [15].) 

The additional ozone molecules produced by the ultraviolet radiation from 
the fireball and the ionization of air by nuclear radiation was not taken into con- 
sideration in [8]. The role of this relatively small source of ozone requires further 
investigation. | 

Obviously, the injection of nitrogen oxides into the stratosphere would 
change the equilibrium concentration of ozone in the layer occupied by the explo- 
sion cloud. Seven principal reactions were used by us to assess the change in the 
O,/NO, ratios. 

The rates of photodissociation of molecular oxygen (O2) and ozone (0;) (due 
to solar radiation in the wavelength range ^;—A2) depend on the altitude and concen- 


trations of O; and O; molecules in the air column: 


A 
2 


i = |^ (A) TOA)SxQ) dd (2) 
À 


1 


where F(A) is the spectral function of the incident radiation, 7(A) is the atmosphere's 
transparency (defined as the radiation absorbed by the O; and O; molecules and 
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molecular dispersion, and dependent on the concentrations of O2 and O;), and S,(\) 
is the absorption cross-section of a O, molecule. 

Figure 1 gives the calculated values (A, D3) and J3(h, D3)* as functions of 
the ozone concentration D; (mol/cm?) in the air column. They were obtained for a 
number of levels in astandard atmosphere107 sec ' 
at 45? latitude and with the zenith angle of 
the Sun y = 45° in the wavelength range 
183 € € 242nm. Points on Figure 1 cor- 49. | 
respond to the natural ozone concentra- 
tion in an atmosphere column above the 
indicated level. It should be noted that the o 
nature of the changes in /2(h, D3) depends 






substantially on the altitude. 

The concentration of ozone and 
other substances in the explosion cloud is 
not only determined by the chemical reac- 
tions, but also by the dynamics of the | 
cloud's expansion due to atmospheric dif- 10 
fusion. 

In order to simplify the task, aver- 
age values of the concentration of ma- 105 
terial in the cloud and the changes with 
time, which arerelated bothtotheincrease 
in the cloud’s volume and the'ozone and ,9.. 
atmospheric oxygen entrained in it from 
the environment, were treated in [8]. As a 
first approximation it was assumed that "T 
the additional supply of O; and O? is equal 
to the product of the volume increment 
anditsconcentrationoutsidethecloud. In 
this case the changes in the O;, O2, NO, 
concentrations in the cloud due to atmo- 
spheric diffusion are described by the fol- 


10° l,sec ! 





10 18 


. . : 20 
lowing equation: 1 ida Nudes 
dC | dV Fig.1 X Dependences of photodissociation rates 
—— = (C. - C) ——— (3) of oxygen and ozone molecules on atmo- 
dt V dt spheric ozone concentration at various 


altitudes 
where C and C. are the concentrations of the material inside and outside the cloud 


respectively and V is the volume of the cloud. 
When the cloud diffusion times are sufficiently long and its initial size is of 
little importance, the change in the cloud volume caused solely by horizontal disper- 


* Therateof photodissociation giving Os 
and O, in an excited state. 
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sion is determined by the following formula: ] 


y-—2 = Proh (D) AR 


max 4. 





(4) 


where Cmax is the maximum concentration of the impurity in case of the Gaussian 
distribution of the impurity with dispersion (rf), Q is the total quantity of the im- 
purity, and Ah is the vertical size of the cloud. 

Experimental data indicate that the change in the horizontal dispersion 
within a wide time interval is determined quite well by the equation oz(/) = a^ U?t*, 
where Uis the wind velocity, and a is a numerical coefficient dependent on the 
altitude to which the cloud rises a = a(h). For the upper atmosphere a = 0.03. 

The vertical diffusion of the cloud can be neglected in comparison to the 
horizontal one for short-term processes. A numerical method was employed to in- 
tegrate a system of type (3) equations for [Os], [NO;] and [O2]. The vertical distribu- 
tion of [Os] in the stratosphere, taken from[1] , was considered as the initial concen- 
tration of ozone in the cloud. 

The initial concentration of the nitrogen oxides in the cloud varied from 10" 
to 10? mol/cm?. Figure 2 gives the results of the calculation of the relative change in 


41[O;]/[Os]; 


a 
[NO,]-10 ^ moi/cm? 





10° sec (NO,] 210? mol/cm? 


109 10? 

Fig.2 Relative ozone concentration change in the cloud with time at different alti- 
tudes. Figure a gives data for explosion clouds of different diameters (corre- 
sponding to different yields) 

ozone concentration [O;];/ [Os]o with time at different altitudes in clouds of explo- 
sions of different yields (when U = 80 km/h). The yield determines the upper and 


lower boundaries of the cloud and its initial horizontal diameter d. 
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Figure 2 indicates that the ozone destruction in the cloud is determined 
primarily by the initial NO, concentration and to a lesser degree by the initial size of 
the cloud. The reestablishment of the ozone concentration is mainly controlled by 
the dynamics of the cloud's expansion and thus depends significantly on its initial 
size. The dashed lines in Fig. 2a indicate the equilibrium concentration of ozone for 
a hypothetical case when the concentration [NO,] = [NO] + [NO;] in the cloud does 
not change over time. 
Figure 2 demonstrates that (for 20-km altitudes) the larger horizontally the 
initial cloud, the lower the minimum concentration of ozone in the cloud. However, 
the higher the yield, the greater the vertical dimension of the cloud and the thickness 
of the (hs — h) layer of thé NO, injection. This would intensify the ultraviolet radia- 
tion resulting from ozone depletion in the injection layer. This is why the decline of 
minimum ozone concentrations at an altitude becomes slightly weaker as the yield 
increases (at very high yields) (see Fig. 2a, 30-km altitudes). 
Table 2 gives the calculated values Table 2 Relative (%) ozone concentration in a 
of the relative ozone concentration in a vertical column at various times 
vertical column passing through the cloud 


i l : [NO.] = 10? mol/cm? [NO] = 10? mol/cm? 
of anuclearexplosion at various times and x Se eae 


Time after the 





Calculations indicate that even a hours: 3 10 30 70 3 10 30 70 





single explosion with a ten-megaton yield Exolosiomvisld 
would significantly reducethe concentra- mt 





tion of ozone in a vertical column. The re- 35 54 46 54 71 25 25 28 39 
covery time is about a week. The calcula- 10 68 63 76 88 35 34 41 60 
tions allow us to assess the change in the l 96 98 99 ) 100 75 380 320291 9 


ozone concentration in the stratosphere after the injection of the nitrogen oxides 
produced by a series of nuclear explosions. 

When considering the long-term global effects of the reduction of ozone 
content as a result of the massive use of nuclear weapons, it 1s assumed that the 
quantity of nitrogen oxides injected into the stratosphere would correspond to a 
10* Mt total yield. In this case we may presume that some time later the nitrogen ox- 
ides would be uniformly distributed in oné hemisphere, and a stationary form of the 
kinetic equations can be employed for estimates. 

A system of (3)-type equations was used in [8] to desctibe the new stationary 
distribution of the ozone in the stratosphere. A numerical method was employed to 
solve the system with respect to the relationships for the /2(h, D3) and J3(h, D3) given 
in Figure 1. Figure 3 (curvet) shows the calculated stationary distribution of ozone 
for high-altitude distribution of NO, in the stratosphere [16]. The natural distribu- 
tion of ozone at a latitude e = 45? [1] is indicated by dots. Despite the simple 
character of the model (with no allowance for vertical diffusion and a number of 
traditionally analyzed chemical reactions) the calculated and the actual data on the 
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ozone distribution above 20 km are in good agreement: This permits us to use a sim- 
ple model for the description of a new, perturbed distribution of ozone resulting 
from the injection of a large amount of 40km 

nitrogen oxides into the stratosphere. An 
averageconcenrationof nitrogen oxides in 
a 15-km thick layer above the surface of 
one hemisphere would be approximately 
2 x 10"? mol/cm? if the total yield of nu- 
clear explosions is 10* Mt. 

Figure 3 (curves 2 and 3) gives a 
distribution of ozone in the stratosphere 
after theinjection of nitrogen oxidesinto a 
15-km thick layer with a given concentra- 
tionofNO,—2 x 10!! mol/cm? Theresults 


of calculations for the case of NO, injec- m p. 2 


35 


30 


25 


20 


15 





tion into this layer with different upper 10° 10"! 10"? 10"? mol/c m? 
and lower boundaries A; and hz are given- Fig.3 Stratospheric ozone distribution 1 mu 
for comparison. A certain increase in the ozone concentration in the lower layer is DUE "Eu 
caused by the increased level of ultraviolet radiation due to the destruction of the 23 


a . è . Ni id 
ozone layer in the upper stratosphere. The increase in the ozone concentration under i; oa 


the layer of NO, injection compensates partly for the destruction of the ozonein the = !5-kmthick 


P : : Bieta , : f uis layer with a 
injection layer. The higher the injection layer, the more intense is the effect. It is im- onena 

. m ll 3 
portant to note that the maintenance of a part of the ozonosphere under the lower — 1*9J-2xl0 mol/cm 


boundary of the cloud is essential for the final assessments of the biological effects 

related to the destruction of the ozonosphere. 
Table 3 gives calculated values of Table 3 

the ozone concentration in the whole of 

the atmospheric column over the North- 

ern Hemisphere for a total 10^ Mt yield of 


Ozone concentration 
in the atmospheric column for different 
altitudes of injection 


nuclear explosions in this hemisphere. Injection layer, km — 15-30 ^ 20-35 ^ 25-40 &— 
According to these assessments, a Ozone concentration, - : is 
series of nuclear explosions with the total mol/cm — — &lxl0 64x10 3 71x10 — 


yield 10* Mt would destroy from 30 to 60 Ratio to natural concen- 
percent of the ozone in one hemisphere. ‘attonofOs(percent) — 40 ds 0? 

The destruction of the ozone layer would profoundly influence the penetra- 
tion of hard ultraviolet radiation through the atmosphere, and in turn this would 
have serious biological consequences, affect the temperature distribution in the 
stratosphere, and consequently change the climate of the Earth. 

The ozone layer shields the Earth from penetrating ultraviolet solar radiation 
within the wavelength range of 240—320 nm. Ultraviolet radiation from 290—320 nm 
(‘UV-B’) is absorbed by the nucleic acids in living cells and thus is very dangerous to 
all living organisms. 
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Thus, the principal impact of a nuclear war would be initially a rapid cooling 
of the planet (in weeks and months), an alteration in the radiative and electrical pro- 
perties of the atmosphere, shielding of solar radiation, and then—a significant 
stable rise in temperature (for years), the destruction of the ozone layer, and a 
substantial increase in the flux of hard ultraviolet radiation. 


Table 4 Ecological consequences of a nuclear war 
Short-term, Long-term, 
few weeks-amonth months-years 


Terrestrial ecosystems: 


1 The change in precipitation 1 Thesubsequent warming (as 
because of smudging and the the atmosphere clears) would 


changes in the electrical prop- 
erties of the atmosphere would 
eliminate many ecosystems. 


Rapid cooling would seriously 
damage plants, especially in ve- 
getation period. 


increase aridity and reduce 
bioproductivity, eliminate 
plants and raise the death rate 
of animals. 


As the atmosphere clears, 
the hard ultraviolet radi- 


ation flux increases. This 
would negatively affect the 
vegetation that has surv- 
ived, the visual organs 

of animals, and the be- 
haviour of insects 
(pollinators included). 


J Atmospheric smudging and 
turbidity would suppress 
photosynthesis, slow down 
bioproductivity 


J Mass elimination of plant 
and animal species would 
reduce genetic and spe- 


cies diversity. 
Aquatic ecosystems: 

T Decrease in illumination would 1 Subsequent temperature 
suppress photosynthesis and rise would lead to the 
phytoplankton production. Many ‘blooming’ of many water 
marine species would loose their bodies and ecological 
food base, the organisms would ‘explosion’: reproduc- 
then die off. tion of certain aquatic 


^ 


organisms. Die-off of 


2 Biosedimentation from the sur- : : 
species would still con- 


face layer of the oceans would 


rapidly decrease which would Hue 

slow down the removal of toxic- 2 Hard UV radiation 

ants from the layer. would suppress photo- 
J The temperature drop would lead synthesis. 


to a freezing of fresh-water 
basins, which would lead to a 
partial destruction of the 
flora and fauna, eliminátion 
Of species. 


Note: The severest effects would take place at tropical and polar latitudes. 


The effects mentioned would develop against the background of heavy 
radiation damage to ecosystems. 
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This cannot but affect the agricultural productivity, living conditions and 
health of the human population, already damaged by the direct nuclear explosions, 
including the enormous radiation damage. 

Table 4 summarizes the short-term (weeks/months) and‘long-term ecological 
consequences of a massive nuclear attack for the terrestrial and marine ecosystems. 
Data from [7, 17] were used to compile the table. 

It isthus obvious that nuclear explosions, especially when massively applied, 
would not only have devastating local effects, but would cause grave global damage 
to the biosphere, lead to irreversible climatic changes, destroy the ozone layer, dis- 
turb the entire atmosphere, and significantly restructure both terrestrial and aquatic 
ecosystems. 

There can be absolutely no doubt that the large-scale long-term ecological 
consequences of a nuclear war would claim as many, and probably even more, vic- 
tims than the direct effects of the nuclear explosions. This makes it clear that there 
would be no winners in a nuclear war. 

Our greatest concern must be for saving the biosphere and life on Earth in 
general from annihilation. 
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Climatic consequences 
of n uclear Wal: computational experiments with the 


hydrodynamic climate model of the Computing Center of the 
USSR Academy of Sciences (CCAS model) 


Origin of the problem 


New effects of massive nuclear exchanges on the Earth’s climate caused by at- 
mospheric pollution with fine dust from ground bursts and soot aerosol from 
subsequent massive fires were first discussed by P.Crutzen and J. Birks [1] 
(compared to the previous discussion of the problem in [2]. Solid carbon 
aerosolis the most intensive absorber of short-wave solar radiation. The 
clouds of smoke may practically block out the solar radiation from the 
_ Earth's surface in the Northern Hemisphere in case of a nuclear conflict 

__ there. The energy regime of the climate system would be drastically changed 
E and the air temperature above the continents would drop by tens of degrees. 
The system's nonlinear response to the strong perturbation would alter the 
meteorological background and cause a steady atmospheric pollution for a 
aeo oto iron long time afterwards. 
Moscow Physico-technical The range and extent of cooling vary with specific nuclear war 
ones EM rial scenarios, allocation of targets, type and yield of bursts, extent of smoke 
ics. Senior research scien- generation by fires, microphysical processes occurring in soot clouds, and on 
tist atthe vomputirg — the season of the year and optical characteristics of aerosol. Some of these 
demy of Sciences. Special- factors are evaluated in [3]with the help of a one-dimensional radiative con- 
Spa tia bg ka a vective model. Estimating the world's strategic nuclear potential at 12,000 Mt 
to the Soviet Scientists’ of explosive TNT equivalent, the authors [3]reviewed nuclear war scenarios 


Ks al yea tb dpa iy with aggregate burst yields from 100 to 25,000 Mt. 

Threat. Since many military and industrial centers are located in or near highly ur- 
banized zones it is probable that 15 to 30 percent of the strategic potential would be 
used to destruct major cities and industrial locations. 

High-yield low air bursts with the explosive equivalent of more than 100 kt of 
TNT would target key industrial and defence installations. A one megaton burst pro- 
duces up to 6 x 10? t of fine dust which is transported to the lower stratosphere to stay 
there for more than a year [3] Together with gas inputs fine dust would determine 
the long-term residual effects on climate. 

High air (atmospheric) bursts would ignite fires over vast areas. A one 
megaton detonation, for example, is sufficient to burn a forested area of 500 square 





l 
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kilometers or a million population city saturated with high-molecular combustible 
materials. Between two and eight percent by mass of the substance burned in the 
fires of forests, cities, industrial units, and fuel storages would rise as smoke. Of 
these, the blazing cities which presently.store fuels in hundreds of kilograms per 
square meter would make the greatest contribution to the atmospheric pollution. 

In the so-called countervalue attack (on cities) [3] a 100 Mt yield would be 
enough to reduce to ashes the largest urban centers and put into the atmosphere 
around 200 million tons of soot, its mean hemispheric optical depth reaching the 
value of Ty= 3. 

For the baseline 6,500 Mt scenario [4] the urban fires are projected to emit 150 
million tons of smoke, and another 30 million would be added by wildfires. The 
mean hemispheric aerosol mixing ratio would be ny = 107 * g/g and the surface den- 
sity around 2 g/m”. The optical depth of extinction of solar radiation averaged over 
the Northern Hemisphere, 7e— 4, and that of absorption, Ta = 1.4. 

The estimations accomplished with simple one-dimensional models indicate 
that the now available nuclear weapons stockpiles are more than adequate not only 
to wipe out the social and economic complexes installed by man, but also to shatter 
natural systems. A worldwide nuclear war would wreak a geological-scale 
catastrophe. The Earth’s climate would be changed, the biosphere destroyed, forests 
and steppes scorched out of existence, and cities and industries devastated. Humans 
and animals would be killed out. The face of the Earth would be mutilated beyond 
recognition and the gashes would never heal. The human survivors of the first attack 
would find themselves suffering from severe cold, darkness, virtual lack of water, 
food and fuel, and drastic exposure to radiation, pollution, diseases and extreme 
psychological stress, with no refuge to find among the chaos of ruined civilization 
and destroyed animate nature. 

The importance of the task to explore the climatic consequences of nuclear 
war, refine the calculations already at hand, incorporate new physical mechanisms 
and run three-dimensional climate models is evident. Such investigations can help to 
estimate the real danger of a massive nuclear exchange and help sustain the human 
race and preserve human civilization. 


otatement of the problem 

About a decade ago N. Moiseev, Member of the USSR Academy of Sciences, 
initiated at the Computing Center of the USSR Academy of Sciences a climate 
modelling program with the general object of simulating the small-scale changes of 
climate brought about by anthropogenic effects on the climate system, and 
evaluating their ecological and economic implications [5,6]. 

But the climate system perturbation following the atmospheric pollution in 
the Northern Hemisphere by nuclear bombings and fires is not a small one. In the 
perturbed atmosphere sweeping changes would occur to sunlight absorption, 
hydrological cycle, heat regime and general circulation. Self-consistent 
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hydrodynamic models of the climate system are required to simulate the whole set 
of the nonlinear climatic processes involved. 

Information about the extent of pollution and the optical characteristics of 
aerosol provides input for assessing the climatic consequences ef nuclear war. The 
initial distribution of smoke in the atmosphere is prescribed by the choice of a war 
scenario, the physical processes during intensive fires, aerosol microphysics, 
specific meteorological situation, etc. The high-intensity fires and microphysical 
phenomena in the smoke cloud occur on a temporal and spatial scale that seems 
small compared with the range of the planetary processes described by climate 
models. Understanding these processes makes a challenging problem presently far 
from its solution. For example, [4] gives a four-fold higher estimate for the aerosol 
washout rate than [3]. The simulations in [7] found that the perturbed atmosphere 
cleared itself of airborne particulate at a rate four times slower than projected in 
[3]. The potential of strong fires for the upward transport of smoke to the upper 
troposphere is extremely difficult to evaluate. But this very process determines the 
initial vertical distribution of pollutants and hence the estimation of the system's 
temperature regime and the realization of how the aerosol washout processes would 
actually work. 

The firestorm simulations at Denver [8] suggest that over 40 percent of 
smoke might be carried into the higher troposphere. Let us recall for comparison 
that of the 49 German cities and towns targeted with massive bombing raids during 
World War II, firestorms were observed in only four—Hamburg, Cassel, Darm- 
stadt and Dresden. Hamburg was blazed in summer, on July 27—28 of 1943. The 
density of combustible material there was soaring at 300 kg/ m^ and the firestorm 
reached 10 km high. Dresden went ablaze during late winter, in mid-February of 
1945, and was burning for seven successive days and eight nights. 

Nuclear weapons are much more destructive than the conventional weapons 
utilized in World War II. The Nagasaki and Hiroshima atomic bombs, with respec- 
tive yields of 22 and 12 kt, devastated 7 and 13 km? of built-up urban area, respec- 
tively. The disparity between the two fires is generally attributed to the strong 
dependence of the ignition area and flame front propagation speed on topography 
of the locale, density of urban structures and the weather situation. 

It seems impossible at present to come up with reasonably assured estimates 
for the probability of firestorms and the burden of pollution of the upper tro- 
posphere. But even assuming that initially smoke would mainly be concentrated in 
the lower five-kilometer layer of the atmosphere, as is done in [9], a substantial part 
of it would be propelled into the higher troposphere and some even into the 
stratosphere in the large-scale hydrodynamic currents set off by redistributed 
sunlight absorption in the ‘dirty’ atmosphere [9]. 

The Computing Center of the USSR Academy of Sciences began its research 
of climatic consequences of nuclear war early in 1983. The primary project goal 
was to calculate the long-term major fluctuations in the climate system following 
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an instant prescribed alteration of optical atmospheric characteristics in the Nor- 
thern Hemisphere. The principal areas of concern included changes of the general 
atmospheric circulation pattern taking into account real orography and geography 
of the Earth; description of the effects of the atmosphere/ocean interaction; and 
recognition of cardinal rearrangements in the physics of the atmosphere with a 
view to obtain a more accurate picture of the processes going on in the 'dirty' 
atmosphere. 

By comparison with the one-dimensional assessments of changes in the 
thermal regime of an isolated atmospheric column [311], the cofnputations pertain- 
ing to three-dimensional evolution of the ocean/atmosphere system [12—15] revealed 
a series of hitherto unsuspected qualitative features of the process, evaluating the 
characteristic times of regional and global rearrangements of the atmospheric cir- 
culation, and assessing the response of the ocean. 

The comparative study [17] matched these findings against the simulations 
by US scientists [16] who employed a more elaborate model to investigate the initial 
stage of the climatic fluctuation. This study showed that the two sets of results were 
in quantitative and qualitative agreement in representing the powerful climatic 
response generated by the catastrophic nuclear war effects on natural systems. 

Follows a brief discussion of the physical assumptions underlying the CCAS 
climate research project and, in chronological order, results of the computational 
experiments simulating modifications of the climate regime after a nuclear war. 


CCAS climate model 

The CCAS climate model has been designed to study the long-term global 
and regional climatic shifts that emerge as the system's properties are altered by an- 
thropogenic or natural processes. The climate model comprises a hydrodynamic 
model for the general atmospheric circulation and a thermodynamic model for the 
Ocean surface layer. 

The atmospheric model is based on the two-level model [18] and in the 
framework of primitive equations [19] describes atmospheric motions in the layer 
extending from the Earth's surface, where the air pressure p is equal to surface 
pressure p = ps(¥, ^), to the isobaric surface corresponding to the pressure 
pr = 200 mb and roughly approximating the stratosphere/troposphere boundary. 
Here o and à are geographic latitude and longitude, respectively. The convective ad- 
justment mechanism parametrizes vertical convection and the processes of cloudi- 
ness and precipitation formation. Radiative transfer is computed to a two-stream 
approximation, using transmission functions [20] 

The ocean surface layer model is thermodynamic, with no account taken of 
hydrodynamic flows, and has a parametrized thermic structure [21]. Such a model 
can effectively measure the influence of the ocean as an energy reservoir on the 
evolution of the climate system. 
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Finite-difference approximation of the equations for the evolution of the at- 
mosphere and the surface ocean layer is accomplished for the whole sphere ona 
12? latitude/15? longitude grid. The real geography and topography of land areas 
are taken into account, and the Arakawa scheme [18] is used to compute atmo- 
spheric motions. Vertically, the troposphere (p 2 pr) is broken down into two layers 
of equal masses. The values pertaining to the upper layer will be marked by 1 and 
those of the lower layer by 2. 

The dynamic processes occurring in the stratosphere (p < pr) are not 
described, but the latter's pollution and anomalous sunlight absorption are 
parametrized. The 'dirty' stratosphere absorbs a notable proportion of the solar 
radiation. The heat capacity and the optical depth for thermal radiation of the 
stratosphere are assumed low. The stratosphere is assumed to re-radiate all of the 
solar energy it absorbs, one half into space and the other half to the upper boun- 
dary of the troposphere. 

The non-flow and kinematic conditions on free surface are utilized for the 
hydrodynamic equations on the underlying surface and the upper boundary of the 
simulation region (when p = pr) respectively. The heat capacity of the active layer 
of land is assumed infinitesimally small, with the condition of heat flow balance 
set on land surface. Solar energy absorption and energy inputs from the at- 
mosphere are compensated by the thermal radiation of the surface. The ocean 
temperature declines in accordance with its effective heat capacity, as a result of 
energy transfer to the atmosphere. The insolation is assumed constant over time 
and, at each latitude, equal to its annual average. Albedo characteristics of the 
Earth's surface and the distribution of sea and continental ice and snowcover are 
also assumed to be fixed at their annually averaged level. 

The simulations based on reasonable initial distributions of meteorological 
characteristics of the atmosphere and ocean, assuming the present unperturbed 
behavior of the climate system, lead to a non-stationary quasi-equilibrium solution 
with practically constant space-averaged characteristics. The time taken to achieve 
the quasi-equilibrium is approximately one year for the asynchronous computation 
of values describing the states of the atmosphere and ocean [5]. 

Because of the coarse spatial grid used in the atmospheric model the ap- 
proximation of the equations is disturbed already at cyclonic scales, vortex energy 
and momentum are suppressed, and the thermal regime of the system being 
modelled is partly upset. To compensate for the effects of the coarse grid the 
radiative transfer block was modified and a variety of parametrizations were ex- 
amined for the vortex transfer [22,23]. 

The model described was then applied to study the greenhouse effect of car- 
bon dioxide [5] and the contribution of natural aerosol pollution to the energy 
balance in the climate system [15]. The'simulations reasonably fit with those of 
other workers. The model demonstrates a somewhat reduced sensitivity, due to the 
coarse spatial resolution and the lack of a self-consistent description for sea ice and 
SnOWCOVer. 
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The quasi-equilibrium fields corresponding to the unperturbed atmosphere 
correlate with the annually averaged characteristics of terrestrial climate; they are 
employed as initial conditions to investigate sensitivity of the climate system. 

In modelling theclimatic effects of 
nuclear war it was assumed that at the 
starting moment the optical properties of 
the atmosphere in the Northern Hemi- 299 
sphere would instantly change, causing a 
deviation from the quasi-equilibrium cli- 
matic regime. The sensitivity of the cli- 
matic system is characterized by the am- 
plitude of its deviations from quasi- 100 
equilibria. Figures show the differences 
between meteorological parameters of 


250 Wim? 





disturbed and quasi-equilibrium states of si 
the system. 

Sunlight absorption by the ‘dirty’ ! 
atmosphere bar calculated from Bou- Fig.1 Two solar fluxes, reflected by the atmo- 
guer's law, with no regard to aerosol dis- sphere and reaching the surface, against mL 
persion and its effects on heat radiation optical depth of atmospheric pollution 


transfer. Figure 1 illustrates the dependence of two solar fluxes, one reflected by the Reflected at top 
atmosphere and the other reaching the underlying surface, on the optical depth of 
atmospheric pollution. 
The first computational experiments [12,13,24] assumed fixed aerosol 
geographical distribution. Subsequent studies [6] and [14] took into account the 
spread of aerosol by means of transport equation: 


ð . - Q^, . 
Qr n) + div(an v ) + g (9) = 0, (1) 


where r = ps — Pr; Vis the horizontal velocity vector; ø and o are the vertical 
coordinate and the velocity in the o-system of coordinates; and n is the aerosol 
mixing ratio normalized to its initial value, Subgrid small-scale microphysical pro- 
cesses of atmospheric scavenging were prescribed by setting time-dependent optical 
aerosol depth 

T = T(t) (2) 
in the atmospheric column with a unit dimensionless mixing ratio of impurities in 
the layers 

Ni = M = l 
and total pressure drop 

po = 1,000 mb. 
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Thus the description of the hydrodynamic transport and the coagulation, 
sedimentation and washout of aerosol particles becomes split. Equation (1) is used 
to calculate proliferation of aerosol; relationship (2) gives the atmospheric bright- 
ening with the descreasing total burden and altered optical chafacteristics of dust 
and soot associated with aerosol microphysical processes. Finally, local optical 
depths of'pollution in the stratosphere 7s, and upper, 71, and lower, 72, troposphere 
are proportional to the dimensionless aerosol mixing ratio, relative mass of the air 
column and optical depth (2): 





nipspr 
t) = —— ——— —— — ro(t), 
780) po(ps + pr) id 
nips'Tm 
D) = — —— —L —— 7,(2), (3) 
at 2po(ps + pr) rol!) 
n = PS z(t). 
Po 


The scheme (1)—(3) to compute optical characteristics of the ‘dirty’ at- 
mosphere is inadequate on a number of points. To begin with, according to for- 
mulas (1)-(3), scavenging occurs with equal rates in the upper and lower tropo- 
sphere. In reality the rates of these processes change with altitude, the aerosol 
washout from the lower troposphere, containing most atmospheric moisture, being 
faster than from the dry upper tropospheric layers. The nonhomogeneity has par- 
ticular importance to describing the slow-working processes of vertical mixing of 
impurities with preponderant pollution of the lower atmospheric layers. 

In the latest trial series carried out in spring of 1985 in the German De- 
mocratic Republic, in collaboration with P. Carl from the Central Institute of Elec- 
tron Physics, the GDR Academy of Sciences, aerosol transport was described by the 
equation 


Lm + div(zn v ) + L = — nQ (4) 
ðt do 


that is analogous to (1) but additionally incorporates the sink Q to account for 
aerosol washout and fallout non-uniform with altitude. The rate of decrease in 
aerosol concentration 


B 1 dn 
Q — pd 
in the upper troposphere was assumed constant in accordance with estimates [3,4]: 
Q -3x10 's*!. (5) 


For the lower troposphere Q was assumed precipitation-dependent, prec, in 
mm/day: 


Q = min{8 x 1077 + 0.73x 1077 prec, 3x 107°}. (6) 
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The minimum value in (6) 
Q-—8x107/s^! 
accords with the estimates in [3] and the maximum value 


Q-— 3x10 9s^!, 
to be achieved with the precipitation fallout rate 

prec > 30 mm/day 
fits the baseline scenario [4]. 

Equations (5) and (6) give the aerosol residence times of about 40 days in the 
upper and 8 to 10 days in the lower troposphere. The parametrization of the mic- 
rophysical processes has been selected so as to have the scavenging rate coincide 
with its estimates in [3] and the assumptions of [12,13,14] in the lower limit, and 
with the baseline scenario [4] in the upper limit. 

Y 
Results of computational experiments 

The very first computational experiments identified the need to further 
refine and modify the mathematical description of the evolution taking place in the 
atmosphere and ocean. As the project went on, the model was made more accurate 
and new physical processes were added 8 
essential to understanding the major cli- 
mate variations generated by nuclear war. 
The discussion of our quests and their re- 6i... 
sultsis presented in the sections that follow. 


Stationary aerosol 4 
The first simulation trials with the 
CCAS model were carried out for fixed 
geographic aerosol distribution [1213,24] , 
Initially the climate system was assumed 
to be in a quasi-equilibrium state. The at- 
mosphere north of 12N was assumed to be 





abruptly but uniformly in mass and area: 0 60 
contaminated by soot aerosol. Thedimen- Fig.2 Optical depth of ‘dirty’ atmosphereasa —— Sccnatio 
sionless mixing ratios in the layers n; and function of time. 


n? were considered constant at the initial state. Optical depths of the stratosphere Aad ae 5 

and tropospheric layers were computed by formulas (3). Control optical depth To(t) 

was derived from [3]. Stratosphere — 
The two extreme scenarios under consideration involved aggregate burst cL. 

yields of 10,000 (Figure 2) and 100 Mt (Figure 3). In the Figures, the solid curves 

represent scenarios [3] and dashed lines show the approximations used for the 

respective simulations. The 10,000 Mt nuclear war corresponds to a major nuclear 
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exchange. The initial pollution projected for it was so great that the solar radiation 
at the surface was considered to be reduced more than 400-fold. The characteristic 
times of scavenging were in the order of 3 to 4 months. The 100 Mt war matches the 
so-called countervalue attack (on cities) in which one percent ef the total nuclear 
weapons would be used producing around 200 million tons of smoke with the mean 
optical density in the polluted region, 
To = 3. This would causea 20-fold attenua- 
tion of the solar radiation at the under- 
lying surface. The characteristic scaven- 
ging time is about one month. Let us em- 
phasize that the initial mean hemispheric 
values of optical depths for 10,000 and 
100Mt exchanges were 4.8 and 2.4, respect- 
ively. 

Theabruptincreaseofsunlight ab- 
sorption by theatmosphere fundamental- 
ly changes the energy regime of the terre- 
strial climate system. 

The principal climatic effect in- 
cludes asharp and exceptionally severe air Fig.3 Optical depth of 'dirty' atmosphere as a 
cooling over the continents. Figure 4 function of time. 





shows changes, A Tec and AT; , of the global mass-averaged atmospheric tempera- Atmosphere 


i A (approximation) 
ture Tg and global average air temperature 77 over land surface as functions of the m 


time from the beginning of the exchange. The solid curves stand for the 10,000 Mt Stratosphere 

version and the dashed ones for the 100 Mt version. cia 
For both simulations one will see the land surface temperature decline by 

more than 15 °C during the first ten days and its slow climb-up thereafter. The 

initial temperature drop is a result of sunlight screening and rapid cooling of the 

thin but thermally active ground layer. The ocean surface temperature To alters 

slightly. Yet by and large, the system with the ‘dirty’ atmosphere absorbs more 

energy. The mass-averaged air temperature grows through heating of the upper 

layers of the troposphere. After the initial cooling the surface air layers are heated 

slowly, chiefly because of increasing downward heat radiation fluxes and brighten- 

ing of the atmosphere. 
The curves in Figure 4 present the globally averaged situation only. The ac- 

tual geographic contrasts would be significantly more pronounced than shown 

there. F igures 5 and 6 provide maps of air temperature drop at the underlying sur- 

face one month after the exchange for the 10,000 and 100 Mt cases, respectively. 

The maximum temperature downfalls localized in Northern Europe, Siberia, 

Alaska, North America, and Central and South Asia have the magnitude of few 
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tens of degrees. Tropical temperatures would change dramatically as shown in 
Figure 5, plunging by around 10 °C below the norm in the equatorial belt and by 


5 °C inthe Southern Hemisphere. 
Thesecond, ‘softer’ case (79(0) = 3) 
projects significantly less notable atmos- 
pheric darkening and degradation of the 
optical depth of soot and dust (Figure 6) 
than the first, ‘hard’ scenario (7o0(0) = 6). 
This simulation indicates for the starting 
phase of the ‘soft’ variant 20 times greater 
solar radiation than for the ‘hard’ version. 
However, as seen in Figures 5 and 6, well- 


defined temperature field correlations - 


arise between the two simulations during 
the first post-exchange month. The tem- 
perature drop below the normal will, even 
forthesoft version, be 56and 65 °C respec- 
tively in Northern Europe and onthe Kola 
Peninsula; 43 and 45 °Cin North America 
and Alaska; and 41°C in South Asia.While 
on the one hand this suggests stability of 
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Fig.4 Variations of global mass-averaged atmo- 
spheric temperature, Tc, and global ave- 
rage land-surface air temperature, Ti, as 
functions of time 


the results over a broad variation of 


optical atmospheric characteristics, on the other hand it clearly indicates a rather 
low intensity threshold for the nuclear exchange capable of triggering disastrous 
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Fig.5 Variation of surface air temperature 40 days after a nuclear exchange for 


To(0) = 6 (stationary aerosol) 


120idays 


To(0)= 3 
(stationary 
aerosol) 
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climatic and ecological changes. The optical depth 7» -= 3 must be already beyond 
the saturation level. 

With time, the surface air temperature in the Northern Hemisphere will rise, 
subsequent to atmospheric brightening and heat transfer fror the upper 
overheated tropospheric layers. The fields of surface air temperature decline three 
months after the exchange are shown in Figure 7 for the version with 7o(0) = 3. 
Even then the cooling is seen to remain quite considerable. The temperatures still 
remain 10 °C below the norm in northeast of North America, and Central and 
Northern Europe, and 5 °C below the norm in the Arabian Peninsula and Northern 
and Southern Tropics. 

An important effect relates to marked air heating over mountain ranges 
because of the high temperatures of the upper layers of the troposphere. The air is 
heated to 6—7 °C above the norm over the Cordillera, 5—6 °C over the Andes and 
almost 25 °C over Tibet. The likely effect may be a drastic change in the thermal 
regime of mountain snow and glacier melting to precipitate continental-scale floods. 


SA 
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Fig.6 Variation of surface air temperature 30 to 40 days after nuclear exchange for 
To(0) — 3 (stationary aerosol) 

The ocean's colossal thermal inertia will slow down its cooling. Even for the 
‘hard’ scenario its mean surface temperature decline will hardly exceed 1.2 °C. Asa 
result, the air over the oceans will cool off by a few degrees at most. Yet the huge 
temperature contrast between the cold land and the slow-cooling ocean will set loose 
ravaging storms and hurricanes all along the coastline. 

The basic rearrangements of energy supply to the climate system, brought 
about by the abrupt change of optical atmospheric characteristics in the shortwave 
spectral region will produce disturbances and restructuring of the fundamental 
physical processes in the atmosphere. 
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At the Southern Hemisphere low latitudes the atmosphere will become over- 
stable and in the Northern Hemisphere the vertical temperature gradient will reverse 
sign. In this situation vertical convection will be suppressed and precipitation over 
continents diminished practically to nil. The natural atmospheric scavenging through 
dirt sedimentation and rainout will be much slower than ordinarily is the case. 

With the hemispheres heated so non-uniformly, serious changes of the 
general atmospheric circulation mechanism will ensue and the inter-hemispheric 
mass exchange will be magnified tremendously. Figure 8 shows average zonal air- 
mass flow, in 10° t/s, (a) in the unperturbed atmosphere and (b) in the polluted at- 
mosphere three months after the beginning of the exchange, for the scenario with 
To(0) = 6, and (c) with 7o(0) = 3. Here the abscissa indicates the latitudes of 90N 
for the North Pole, 0 for the equator and 90S for the South Pole; and the ordinate 
represents air pressure, giving the Earth's surface and tropopause as the lower and 
upper boundaries, respectively. 
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Fig.7 Variation of surface air temperature 80 to 90 davs after nuclear exchange for 
To(0) — 3 (stationary aerosol) 

As is clear from Figure 8a, there are two main atmospheric circulation cells 
while the air mass of each hemisphere seems to be dynamically well segregated 
from the other's. The temperature contrast between the hemispheres reshapes the 
circulation, producing one mighty interhemispheric circulation cell (Figure 8b and C). 
The characteristic time for this circulation pattern to set in is on the order of 
one month. The intensive interhemispheric mass exchange will be working 
vigorously to contaminate the Southern Hemisphere with soot and dust. The 
characteristic mixing time will also be about one month. 

A comparison of the computations for the 10,000 and 100 Mt aggregate ex- 
plosive yields demonstrates that the initial stage and maximum amplitude of the 
cooling are practically equal in both cases. Hence the optical depths of 3 and 6 occur 
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above the saturation level and cause thermal alterations that are maximum possible. 
Total aerosol mass determines the duration of the cooling, suggesting the ‘nuclear 
winter’ on a time scale of one year for the ‘hard’ case and of three months for the 

4 


4 


‘soft’ case. 

The calculations make it clear that 
circulation changes in the perturbed at- 
mosphere will transport the smoke clouds 
into the Southern Hemisphere. Therefore 
the estimations of cooling to date are ap- 
parently valid for the Northern Hemi- 
sphere but need further refinement as re- 
gards the Tropics and south latitudes. 

Simulations {16] performed with 
the general atmospheric circulation model 
of the US National Center for Atmo- 
spheric Research (NCAR) made use of a 
twice as accurate spatial approximation as 
described above and nine vertical levels. 
The ocean surface temperature was assum- 
ed constant andthecalculations were made 
for insolation conditions characteristic of 
January and April for a period of twenty 
days. The initial pollution was taken to be 
evenly distributed in the tropospheric re- 
gion between 30 and 70N. The geographic 
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distribution and optical characteristics of Fig.8 Lines for the zonal average air-mass flow 


the pollution were assumed fixed. The 
comparison in [17]of the results presented 
in [12] and [16] showed quantitative and 
qualitative agreement of the simulations 


in 10°1/s. Horizontal axis gives latitude, 
vertical axis gives pressure. Lower boun- 
dary is for underlying surface, upper 
boundary for tropopause (~ 10 km) (sta- 
tionary aerosol) 


for the initial evolution of the post-nuclear-exchange climate system, accomplished 


with the CCAS and NCAR models. 


Mobile aerosol 


The computational experiments [6] and [14] were first undertaken with 
regard for hydrodynamic transport of optically active aerosol and its inverse effect 
on energy and dynamic processes. They examined the same scenarios as in Figures 
2 and 3. In the context of quasi-equilibrium solution, the atmosphere was assumed 
instantly polluted north of 12N, as in [13,14,24], with the unit dimensionless 


mixing ratio 
ni =M= l. 
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The aerosol transport and atmospheric optical characteristics were simulat- 
ed according to formulas (1)-(3), with the initial mean hemispheric optical depth 
Tn equal to 4.8 and 2.4 for 10,000 and 100 Mt cases respectively. 

The effects on climate due to the expansion of the region with abnormal at- 
mospheric optical properties seem strongly dependent on the ratio of characteristic 
times of the hydrodynamic and microphysical processes responsible, respectively, 
for transport of impurities and brightening of the ‘dirty’ atmosphere. 

After one month the large-scale hydrodynamic transport of optically active 
impurities begins to have effect on the evolution of the climate system, particularly 
obvious in the tropical belt and low latitudes of the Southern Hemisphere. 
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Fig.9 Variation of air temperature at underlying surface for To(0) — 3 on the 40th 

day (mobile aerosol) 

Departures of the air temperature at the underlying surface from the quasi- 
equilibrium temperature, 40 days after the exchange, for the 7o(0) = 3 simulation 
are illustrated in Figure 9. The cooling attains —30 °C on North America's east 
coast, Northern Europe, the Soviet Union's Pacific coast and Central Asia, and 
—50 °C in Siberia and the Taimyr Peninsula. Although the temperature extremes in 
the Northern Hemisphere shown in Figure 9 are not as low as in the simulation in- 
volving fixed spatial distribution of the pollution, still no qualitative changes occur 
to the dynamic pattern of cooling in the Northern Hemisphere. 

In the tropical zone the atmospheric pollution to an average level of optical 
depth 7 — 0.2 causes the air temperature above the central regions of the African 
and South American continents to fall 10 to 20? below the norm, to a level about 
10° cooler than previously assumed in the computations without aerosol transport. 

The surface air temperature decline for 79(0) = 6, 40 days after the exchange 
(Figure 10) in high and midlatitudes of the Northern Hemisphere practically fits 
the distribution shown in Figure 9. By this time the aerosol optical depth will have 
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decreased in the Northern Hemisphere to near 1 for To(0) = 3 version and almost 
to 3 for 79(0) = 6 version. Thus the aerosol with the optical depth in the 1<7<3 
range can bring climate alterations of the same amplitude as the significantly 
harsher pollution with 3 < 7« 6. The threshold pollution burdeh capable of dire 
climatic effects apparently has a low-to-medium optical depth close to unity, 7= 1. 
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Fig.10 Variation of air temperature at underlying surface for To(0) = 6 on the 40th 
day (mobile aerosol) 
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Fig.11 Geographic distribution of vertical optical depth of atmospheric pollution 
for ro(0) = 3, on the 99th day (mobile aerosol) 
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Because of the slower atmospheric brightening associated with 79(0) = 6 
there is more intensive pollution in low Southern latitudes on the 40th day than in 
the case of 79(0) = 3, its optical depth varying in the range 0.5 « 7« 1. The ‘nuclear 
winter' will make a deep incursion into the Southern Hemisphere, to induce a cool- 
ing beyond —10 °C north of 30S. The temperature fall reaches —40 °C in the tropics 
of North and South America; —60 °C in West Africa, and —50 °C in East Africa. 
These values are 20 to 30 °C lower than the more conservative estimates in [12,24] 
that ignore aerosol transport. 

At 99 days, the 79(0) = 3 simulation projects a decrease in the optical depth 
of dust and soot to the value of 7 = 0.3—0.4 in Northern midlatitudes, as shown in 
Figure 11. For the Southern Hemisphere, there will be practically uniform pollution 
with 7— 0.1] and the solar flux reaching the surface will be more than 10 percent 
below the norm all the way to the south of South America. 

As well as in [1213] a qualitative change of the general atmospheric circulation 
pattern comes up in three months' time. The Northern Hadley cell [27] is attenuated 
and, on the 99th day, an inter-hemispheric 
one-cell meridional circulation sets in, 
driving air from the Southern to the North- 
ern Hemisphere in the lower troposphere 
and from the Northern to the Southern 
Hemisphere in the higher troposphere (see 
Figure 12). Yet the hydrodynamic mixing 
of pollutants works to smooth the tem- gon 
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becomes three times as lowasinthe version , pERSHTEIHODHE GEFOSO!A 


without aerosol transport. The meridional air mass flow attains the magnitude of 
120 x 10° t/s (compare to Figure 8). 

The aerosol mixing ratio on the 99th day, at the top model layer is 
represented in Figure 13, where 200 mb < p < 0.5(ps + pr) changes from the in- 
itial value of nı = 1 at the North Pole to nı = 0.2 at the South Pole. The pollution 
distribution has a markedly zonal pattern, especially in the Southern Hemisphere 
where orographic effects are weaker. In the lower layer, where 0.5(ps + pr) << p< 
Ds, aerosol concentrates practically in whole in the Northern Hemisphere (see 
Figure 14). The lower air tayers in the Southern Hemisphere are transparent. In the 
Northern Hemisphere lower-troposphere aerosol concentration is reduced by the 
upward movement of pollutants into the higher layer in which they are carried over 
to the South. The increasing aerosol burden in the higher troposphere of the 
southern Hemisphere tends to cool surface air and retard the soot and dust 
sedimentation and scavenging processes. 

In the Northern Hemisphere on the 99th day the surface air temperature still 
averages 5.8 °C below the norm (Figure 15). The cooling amounts to —20 °C in 
Alaska, North America's northeast coast and southwest Europe. 


60S 
perature contrasts between the hemi- Fig.12 Stream function of meridional air-mass flow in 10° t/s for 


spheres and the meridional cell intensity To(0) = 3onthe 99th day, as a function Of latitude and 
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The orographic effects in and around Tibet push up temperature to 19.7°C 
above the normal. 


The Southern Hemisphere has an average air temperature 6.5? C below the 
quasi-stationary level. The harsher cooling than in the Northern Hemisphere owes 
itself to the oceanic thermal inertia hindering the warming process as the at- 
mosphere brightens and the downward heat flows increase. The average Southern 
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Fig.13 Geographic distribution of aerosol mixing ratio in top model layer for 
To(0) = 3 on the 99th day (mobile aerosol) 
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Fig.14 Geographic distribution of aerosol mixing ratio in lower model layer for 
To(0) = 3 on the 99th day (mobile aerosol) 
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Hemisphere cooling peaks in the equatorial belt amount to —8 °C, and to —2 °C 
near the South Pole. 

The south-bound transport of optically active pollutants and the entry of 
the ‘nuclear winter’ into the Southern Hemisphere will have reduced the surface 
temperature there within three months to an average 5 °C below its value projected 








Fig.15 Variation of air temperature at underlying surface for To(0) = 3 on the 99th 
day (mobile aerosol) 
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Fig 16 Variation of air temperature at underlying surface for To(0) — 60n the99th 
day (mobile aerosol) 
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in the version without aerosol transport. Thus, the response of the oceanic upper 
layer both in the Northern and Southern Hemispheres extends the characteristic 
time of the nuclear war-induced climate fluctuation. 

Given the initial atmospheric pollution is great (79(0) = 6) and relaxation of 
optical depth is protracted, as in Figure 2, the climatic processes take longer to 
develop. Only after 99 days the atmospheric pollution becomes global. The North 
Pole solar flux is 40 W/m? below the norm. The cooling for the Northern 
Hemisphere shown in Figure 16 remains on the same level as on the 40th day for the 
To(0) = 3 case in Figure 10. ‘Nuclear winter’ advances farther into the Southern 
Hemisphere; a severe temperature fall by 20 °C below the norm hits Australia, cen- 
tral and southern regions of Africa and South America. The 10 °C cooling isotherm 
goes down to 40S. 

Figure 17 gives the stream functions of the meridional air mass flow on the 
99th and 189th days in 10° t/s. The one-cell meridional circulation pattern does not 
emerge in this case. The Northern Hemisphere circulation cell is gradually at- 
tenuated. The Southern Hemisphere cell moves northward to 40N, yet its intensity is 
ten times lower than in the simulation with stationary aerosol [12] (see Figure 8) 
with a long-persisting temperature contrast bet ween the hemispheres. 

Contrary to the estimations [12 24], : 
the superstable vertical temperature gradi- 200Pmbo 
ents install not only in the Northern but in | 
the Southern Hemisphere as well. The | 
North Pole air temperature increases with 6.5 i 0 8 16 qd 
altitude at the rate of 10 °C per km, and the | | 
atmosphere is practically isothermal on 
the equator and through the Southern xod 
Hemisphere. b 

The suppression of vertical con- 2: 
vection as stable stratification. comes 
about in both hemispheres induces a 
global decline of precipitation. Theairin- °° 
volved in the meridional circulation ar- | 
rives in the Northern Hemisphere from | 
the Southern dry and cold, as illustrated 1000 | ! | 

l SON: 60NI 30NI 0 30S 
by Figures 12and 17. Becauseofthatand _ ME B | 
i . TEE Fig.17 Stream function of meridional air-mass 
in contrast with [12], no significant pre- PDA er neat Md 
cipitation increase takes place in the zone latitude and pressure (mobile aerosol) 
of ascending air masses and no region of vigorous aerosol washout arises therein. 

It is clear from the simulation findings that the hydrodynamic dust and 
soot transport southward is essential to the long-term climate system dynamics, 
following the large-scale atmospheric pollution in the Northern Hemisphere. 
Three months after a nuclear war starts the top air layers above the Antarctica will 
grow turbid. In the wake of the soot overcast, ‘nuclear winter’ will descend upon 
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the Southern Hemisphere continents. As fas as 40S the air temperature above the 
continents will fall by more than 10 °C. For the Tropics, the temperatures will be 
10 *C lower than those suggested by the minus aerosol transport simulation. 

Thus the transport of optically active pollutants has a very marked effect 
on the dynamic processes in the atmosphere. Because of the more uniform 
latitudinal tropospheric pollution, the temperature contrasts between the 
hemispheres level off. The result, as opposed to the contention in [4], is suppres- 
sion of the inter-hemispheric circulation (three times for the 790(0) = 3 case and 
ten times for the 79(0) = 6 case) in comparison with the simulation with the fixed 
geographic distribution of aerosol. 

The southward transport of impurities produces a greater response than is 
assumed in [12,13,24] of the Southern Hemisphere climate to the pollution of the 
northern atmosphere. The records of the temperature shifts will be retained for 
months afterwards by the southern oceans. Among other things, this will make 
the Southern Hemisphere (in three months and for 79(0) = 3) more overcooled 
than the Northern, where the results of atmospheric brightening and top-down 
tropospheric heating will increase the surface air temperature. Anomalies in the 
ocean surface temperatures, which after six months will be as large as —2 to —3 °C 
for To(0) = 6 simulation, sustain a significant cooling in this vast region, averag- 
ing —10 °C. 


Sensitivity to initial assumptions 

The final series of experiments investigated the behavior of the climate 
system for varied assumptions made about the initial distribution of soot clouds 
and different parametrizations of aèrosol microphysics. Such analysis is indeed 
necessary because of the inherent basic inaccuracies in the information inputs 
about the initial atmospheric pollution from nuclear exchanges and subsequent 
fires and because the small-scale aerosol coagulation and washout processes are 
impossible to describe in detail in the framework of climate models. 

The simulation was carried out in the GDR as part of a scientific coopera- 
tion program between the GDR and USSR Academies of Sciences [25]. 

Testing the sensitivity of the climate system to the initial pollution for dif- 
ferent parametrizations of aerosol washout relied on the findings of the following 
computationl experiments: 

Experiment I, The atmosphere is polluted at a constant mixing ratio in the 
latitude range 24N < 9 < 72N. Aerosol transport and microphysics are computed 
according to formulas (1), (2), (3). The washout rate is uniform with altitude. The 
control optical depth (2) is given by 


m 


— £? 
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To(t) = (3 — ip + ERE. + I)e " (7) 


where f is time in days. 
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Experiment 2. The mean hemispheric optical depth and parametrization of 
aerosol microphysics are the same as in Experiment 1 but initially the atmosphere 
becomes polluted in the latitude range 24N < «9 < 72N only over continents. 

Experiment 3. The mean hemispheric optical depth, patametrization of 
microphysics and geographical distribution of aerosol are the same as in Experi- 
ment 2 but with the pollution burden initially concentrated exclusively in the lower, 
4—5 km, model layer. The experiment si- 
mulates the situation of low-level smoke 
emission from fires into the upper tropo- 
sphere. 

Experiment 4, Same as Experi- 
ment 3 but using a model of vertically 
nonuniform aerosol washout described 
by formulas (4)-(6). The characteristic 
scavenging time for the upper tropo- 
sphere is constant and approximates 40 
days. For the lower troposphere, aerosol 
washout varies with the level of precipita- 
tion whose characteristic time is within 
the range from 15 to 4 days. The optical 
depths 7s, 7; and 72 are calculated by for- 
mulas (3). The control optical depth (2) is 
constant, 7o — 3. 

Experiment 5. Similar to Experi- 
ment 4 except that at the initial moment 10° | 
one fourth of the aerosol mass is held up 0 19 
inthe upper and three fourths in the lower Fig.18 Scenario and computational optical characteristics of ‘dirty’ 


h h : f l atmosphere as functions of time: 
troposphere. The experiment simulates an 1 rnean hemispheric optical atmospheric depth in the Nor- 
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intermediate extent of pollution in the up- thern Hemisphere in 100 Mt scenario (3); 
per troposphere between Experiments 2 2 approximation of the same characteristic, used in [14] (Fig.3); 
anda 3 approximation of the same characteristic, used in the present 
; paper for Experiments 1, 2, 3; 
Inall the experiments the mean he- 4 same characteristic for the baseline scenario (4); 
mispher ic optical depth of absorption, 5 same characteristic for maximum washout rates (4]; 


6 mean hemispheric optical depth of the Northern upper 
troposphere in Experiment 4; 
7 mean hemispheric optical depth of the Northern low tropo- 


TN = 22. The scattering of sunlight and the 
influence of aerosol on longwave radiative 


transfer are not included and the simula- sphere in Experiment 4; 
tion time scale is 70 days. 8 mean hemispheric optical depth of the Southern upper 
The initial stage in the evolution of HOBOSHUE C HTEXBEHITEnU 
j : 9 same as for 6, but in Experiment 5; 
the climate system in all experiments 1s 10 same as for 7, but in Experiment 5; 
characterized by intensive mixing of pol- 11 same as for 8, but in Experiment 5. 


lutants in the Northern Hemisphere. The hydrodynamic processes are the most in- 
tensive at the northern boundary of the aerosol cloud which becomes harshly 
distorted a short three days afterwards. The asymmetry of the aerosol meridional 
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transport is the result of the orographic features and baroclinic instability of the 
frontal zones that develop at the pollution region boundary. With greater air 
velocities in the upper troposphere, both the transport and redistribution of 
pollutants take shorter time than in the lower troposphere. The pollution of the top 
layer alone heavily screens sunlight. Given the high-level initial pollution of the top 
layer (Experiments 1 and 2), air cooling is induced in the lower and air heating in the 
upper troposphere already at day one. The air temperature at land surface falls down 
sharply. The cooling is the most severe in the continental midlands where the 
temperature falls by 30 to 40 °C. Sharp air temperature contrasts at land surface par- 
ticularly notable in the cases including continental pollution (Experiments 2to 5), form 
along the coastlines of North America, Western Europe, and Southeast Asia. 

Meridional circulation changes a great deal. The Northern Hemisphere Hadley 
cell [27] is shifted northward. The Northern Ferell cell [27] is attenuated. The air be- 
tween 18 and 30N rises aloft and travels to the Pole producing a zone of intensive 
downward air flows there. It is in the near-Pole regions that the pollution becomes 
maximum. 

Experiments 1 and 2suggest for the geographical distribution of optical depths 
of the model's upper and lower layers nearly the same area coverage as in (14] two weeks 
after the exchange. Further evolution of the climate system replicates, in both trials, the 
simulations with uniform initial atmo- 
spheric pollution northward of I2N[14j. — ^^ 

Itthus appears that the characteris- 
tic time for the horizontal transport of pol- 
lutantsinthe Northern Hemisphere hardly 
exceeds two weeks, a finding consistent 
with the assumptions 1n 12,13,14]. Aerosol 
transport into the Southern Hemisphere is 
a significantly slower process taking, as in- 
dicated in[14j, thecharacteristictimeof one 
or two months for the Southern Hemi- 
sphere pollution to be complete. 

Experiments 1,2 and 3 utilized iden- 
tical parametrizationof microphysicalpro- -12 | 
cesses in the atmosphere and differed only ° tol — 20 ao SR x 
by the initial distribution of aerosol. Also, Fig.19 Fariatton Of average surface air femperature in the North- 
. . f ern Hemisphere as a function of time for Experiments 2 fo 
in Experiments l, 2 and 3 the atmospheric 5. Curves for Experiments 1 and 2 pracrically coincide 
scavenging rate was considered independent of the vertical distribution of pollutants 
and equal throughout the experiments (curve 3in Figure 18). After 69 days all the three 
versions project asimilar burden of pollution inthe lower and higher troposphere. 

As seen in Figure 19, the differences of temperature averaged over the 
Northern Hemisphere in Experiments 2 and 3, which correspond to the opposite 
extreme cases of severe and mild pollution of the upper layer, are declining during 
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the first month and continue to be slowly attenuated. On the 69th day, both ver- 
sions demonstrate a similar thermal regime indicating the characteristic time of 
around two months for the large-scale vertical transport and stabilization of self- 
consistent vertical distributions of pollutants. T^ 

Experiments 4 and 5, dissimilar only in the extent of pollution of the upper 
layer, utilize the scheme for vertically nonuniform washout of pollutants (4)-(6). In 
this case the ‘record’ of the initial conditions persists all through the process as an 
average level of pollution (Figure 18). Indeed for the lower troposphere the model 
described by formulas (4)—(6) prescribes a characteristic aerosol washout time of 
approximately 10 days, for a given level of precipitation, or almost three times 
shorher than does the model described by formulas (1)-(3) and four times less than 
for the upper troposphere. Accordingly, the more aerosol is present in the lower 
layer, the more intensive its washout. As a consequence, the average atmospheric 
pollution as defined in Experiment 5 keeps higher through the entire process than 
in Experiment 4. 











Fig.20 Vertical optical depth of the upper atmosphere, Ts + T1, Experiment 4 after 3 

days 

Let us examine closer the climate system evolution in the extreme case when 
only the lower layer is polluted (Experiment 4). Itis clear from Figure 18 that dur- 
ing the first two weeks the hydrodynamic removal of pollutants into the higher 
troposphere prevails over the sedimentation processes. 

In three days’ time the upper atmosphere becomes polluted to the optical 
depth 7 — 0.4 above the northern regions of North America and Central Siberia, 
but much more so above the Pacific coastline of Eurasia near Sakhalin, where 
7= 0.8 (Figure 20). 


76 Long-term worldwide consequences of anuclear war 


The initially clean upper layer keeps being progressively contaminated by 
the pollutants raised in large-scale hydrodynamic streams. No additional convective 
mixing is regarded here because even mild upper tropospheric pollution seems suf- 
ficient to bring about stable vertical temperature gradients and inhibit the con- 
vection. 

Whereas air cooling at the underlying surface is nearly as severe in Figure 19 
as in Experiments 1 and 2, at 2 to 3 km altitudes air temperatures are increasing in 
the polluted regions above the continents at the initial stage. Thereby an inversion 
layer is generated, evaporation and precipitation are reduced, and the active aerosol 
washout region is restricted to a thin surface layer. 


3a — .- 





F ig.21 Vertical optical depth of the upper troposphere, rs + T1, in Experiment 4 after 
12 days ` 

Air temperature above the oceans, where the atmosphere is not turbid at 
first, shows minor changes. It is along the western and eastern continental 
coastlines that powerful frontal zones develop on a continent-wide scale. Of these, 
the Atlantic and Pacific fronts seem important to the upper-troposphere pollution 
at the initial stage of the process. Overheated ‘dirty’ air masses are displaced into 
the upper troposphere, to form regions of abnormally intense sunlight absorption 
clearly visible in Figure 20. 

By day 12 the whole upper atmosphere in the Northern Hemisphere will 
have been polluted to the level 7; + ts~=0.3-0.4 (Figure 21). The aerosol mixing 
ratio reaches its maximum at midlatitudes. The optical depth of the lower tropo- 
sphere averages 7; = 1.8. 

The top model layer air is heated and a maximum temperature rise of 25 °C 
is attained in midlatitudinal, most heavily polluted regions. After being heated at 
the initial stage during the first week, the lower troposphere (4—5 km altitude) cools 
by the 12th day at high latitudes of the Northern Hemisphere. Nevertheless a 10 to 
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1S °C overheating persists at middle and low latitudes.-In Experiment 4 air heating 
is at its highest in the lower five-kilometer layer of the model because the upper at- 
mosphere, being comparatively ‘transparent’, arrests only about half of the solar 
flux. The heating of the lower, ‘dirty’ air layers contributes to the origin of large- 
scale rising streams and upward aerosol transport into the higher troposphere. 
With the total atmospheric optical depth 7> 1, the thermal air regime at the 
underlying surface will probably exhibit low sensitivity to the particulars of vertical 











Fig.22 Variation of surface air temperature in Experiment 4, average over 6— 12 days 
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Fig.23 Vertical optical depth of the upper atmosphere, Ts + T1, in Experiment 4 after 
39 days 
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distribution of the optical depth. The cooling in Figure 22, as also in Experiments 
1 and 2 and in [14], encompasses the Northern Hemisphere continents and attains 
its maximum of about —30 to —40 °C in the continental midlands. 

Figures 23 and 24 show a qualitative distinction of the atmospheric pollu- 
tion on the 39th day in Experiment 4 from the case of uniform washout in Experi- 
ment 3. To a considerable extent, the aerosol is already contained in the upper at- 
mospheric layers. The largest optical depth occurs at middle latitudes, attaining the 
values around 7s + 7; = 0.2 (Figure 23). 

The upper troposphere above the middle latitudes is overheated by 70 to 
75 °C. The overheating boundary, the isotherm +5 °C, cuts across the central regions 
of South America, South Africa and North Australia, thus indicating the range and 
extent of significant atmospheric pollution. The lower troposphere is also overheated 
almost everywhere. Although the maximum overheating of 15 to 20 °C occurs at mid- 
latitudes of the Northern Hemisphere there is a region of extraordinary air heating 
up to 40 °C around Tibet, owing to its specific orographic features. 
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F ig.24 Vertical optical depth of the lower troposphere, 72, in Experiment 4 after 39 
days 


‘ook 
I0 L. 


The air temperature decline at the underlying surface in Figures 19 and 25 
has the same order of magnitude as in the case with the initial uniform vertical at- 
mospheric pollution assumed in [14]. Temperature shifts as large as —30 and 
—40 °C are projected for central and eastern North America, and Eastern Europe 
and Siberia, respectively. 

Air temperature inversion throughout the atmospheric depth of the North- 
ern Hemisphere including the planetary boundary layer diminishes evaporation, 
precipitation and cloudiness especially in the polar areas and, in consequence of 
this, renders the washout of pollutants much slower. Supression of the small-scale 
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convective motions points to the large-scale hydrodynamic transport of pollutants 
as the principal mechanism of contamination of the upper tropospheric layers prac- 
tically for the duration of the whole climate system relaxation process. The role of 
the small-scale convection is restricted, in time, to the short initial period. 
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Fig.25 Variation of surface temperature in Experiment 4, average over 15—39 days 











On the 69th day, the optical depth of aerosol present in the model’s top layer 


will have been nearly five times its mass in the lower layer (Figure 18). The upper at- 
18K 


mosphere pollution has the optical depth 
Ts + 7120.05—0.1, and absorbs about 10 
percent of solar radiation. The lower-layer 
aerosol absorbs two percent of sunlight at 
most. 

The average surface air tempera- 
ture in the Northern Hemisphere will be 
3.4 °C above the quasi-equilibrium tem- 
perature after 69 days (Figure 19). The 
curve for the average zonal surface tem- 
perature shown in Figure 26 illustrates air 
overheating in the Great Deserts region 
between 20 and 50N. 


In the tropics and southern sub 


tropics there will be a cooling of 4 to 5 °C. 
In the middle and high latitudes the tem- 
peratures remain 10 to 15° below normal. 


Fig.26 Zonal average distributions of aerosol mixing ratio (in 
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10^? 2/2) in the upper n, and lower n, troposphere and land 


surface temperature variation, ATi, on the 69th day 


The mixing ratio of pollutants for both layers attains the highest value at 
midlatitudes. The upper troposphere is markedly contaminated up to 50S and the 
lower troposphere to the equator only. The upper atmosphere has the optical depth 


80 Long-term worldwide consequences of anuclear war 


in the Southern Hemisphere close to 7s + 7; =0.1—0.02; the lower troposphere is 
practically free from turbidity so that 752 < 10~ 3(Figure 18). More active, southward 
aerosol transport is sustained in the upper troposphere by a powerful inter- 
hemispherical circulation cell, just as it is in [14]. Air masses travel aloft in the 
latitude range 18 to 54N contributing to the transport of pollutants into the upper at- 
mospheric layers, and spread way southward. The low tropospheric, supplementary 
warm air stream away from the Southern Hemisphere and the Tropics and into the 
zone of the most intensive upward air mass transport between 25 and SON is one of 
the factors determining the warming in this region. 

The geographical pattern of variation in the surface air temperature by the 
69th day (Figure 27) points to the continuing cooling in the middle and high 
latitudes of the Northern Hemisphere. The temperature shifts are maximum in the 
polar regions (—15 °C), in Alaska (-15 °C) and the north of Europe, in the White 
Sea region and Scandinavia (up to —30 °C). In the latitudinal zone of 25—50N the 
greatest temperature increase is in areas with pronounced topography, attaining 
15 °C in central North America and 40 °C in the Tibet region. 
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Fig.27 Variation of surface air temperature in Experiment 4, average over 45—69 
days 

As distinct from the Northern Hemisphere, the Southern is cooled by 1.5 °C 
on the average. Like in [14], the cooling is sustained by the lowered temperature of 
the ocean surface. Above the southern oceans the air temperature 5 *C below the 
norm extends over large tropical and subtropical regions. 

The investigations completed to date make it clear that, regardless of the 
particulars of the initial aerosol distribution and for various parametrizations of 
microphysical atmospheric processes, the profound cooling lasts on a time scale of 
two months in the Northern Hemisphere middle and high latitudes. Notable 
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climatic fluctuations up to —10 °C are observed in the Southern Hemisphere. The 
evidence suggests that even assuming a low level of initial pollution in the upper 
troposphere and intensive aerosol washout, the extent of Northern Hemisphere 
cooling is sufficient to trigger dire ecological consequences. 

Experiment 4, covered extensively in the foregoing discussion, presents the 
extreme case by the magnitude of pollution in the top layer. It would be natural to 
assume that the upper troposphere will be partly contaminated already in the first 
few days after the exchange by the smoke rising upward from fires, small-scale con- 
vection, and so forth. This latter, more realistic, case which Experiment 5 seeks to 
simulate, contemplates a harsher ‘nuclear winter’ (Figure 19) than in Experiment 4. 


Conclusion 

Because the climate system presents an extremely complex physical entity, a 
great many factors need to be considered for its adequate mathematical descrip- 
tion. However the problem is so vital as to justify every effort taken in this direc- 
tion. The fluctuation of the Earth’s energy regime, likely to be caused by a nuclear 
war looks great even by comparison with the extent of paleovariations in the 
climate system. The magnitude of the upheaval it produces in atmospheric physics 
is so great that quite frequently we find it unacceptable to extrapolate to it our 
erstwhile knowledge about the processes occurring in an unperturbed atmosphere. 
Only painstaking and detailed studies can give assured estimates of the real 
catastrophe which nuclear war would bring to life on Earth. Studying possible pro- 
cesses of the degradation of the Earth’s climatic and ecological systems as a result 
of nuclear exchange we must take into account all the existing war scenarios in- 
cluding the most severe but nontheless probable ones. Naturally, models operating 
with various and many atmospheric parameters should be used to attain a real pic- 
ture. Simplified models of atmospheric processes based on minimal estimations as 
in [26] seem biased and can entail the risk of underestimation of the ecological 
disaster that today’s nuclear arsenals could bring if ever put to use. 
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Studies of natural climate changes and of anthropogenic impacts on cli- 
mate—those caused by man’s activity in the development of the economy— indicate 
that the Earth's climatic system, involving the ocean, land, atmosphere, ice caps, and 
biosphere, evolves comparatively slowly, on a time scale of decades and longer. In 
examining evolution one should concentrate on the most probable ecological 
changes and on optimal ways of advancing the world's economy in the ever- 
changing climatic environment. 

A thorough inquiry into possible global catastrophes, such as a world-wide 
nuclear war, needs to carefully examine every, even seemingly improbable, driving 
mechanism of regional and global consequences. More so because the overall read- 
justment in the regime of the atmosphere and other constituents of the Earth's 
climatic system following a nuclear exchange might occur much faster than it does in 
natural and anthropogenic alterations. 

There are two methads of comparing different natural processes: by collating 
their energy patterns and by investigating their effects. The energy yield of nuclear 
explosions is generally measured in units of TNT equivalent. The detonation of a 
1 Mt nuclear weapon produces an energy yield of 4.2 x 10 J, equivalent to the 
release of thermal energy from detonation of one million tons of TNT. 

Presently, a total of about 15,000 Mt of nuclear weapons have been stock- 
piled around the world. If all were exploded, the currently available nuclear arsenals 
would release 0.5 x 107° J. This is the energy flux reaching the Earth from the Sun 
over less than five minutes. If one, conversely, measures solar energy in megatons it 
is possible to say that the Sun provides the Earth an energy source of about 40 Mt/s 
capacity. A nuclear exchange involving the use of all presently available weapons 
would yield approximately 0.3 percent of the daily solar energy input. 

Comparison of the energy yield from a nuclear exchange with floods, 
tsunami waves and earthquakes is beyond this paper. We shall only note that on the 
Earth the annual average energy release from earthquakes alone amounts to 
1,000 Mt (4 x 10! J) of elastic energy of the earth's crust. The largest measured 
single release of energy of 250 Mt (10!? J)* came from the 1964 earthquake in 
Alaska, the most catastrophic to have happened in the 20th century. 

If all the nuclear explosive power were used to evaporate water one can easily 
calculate that this would be enough to vaporize 2 x 101? g of water, assuming a 
vaporization heat of 2,600 J/g. This is equivalent to the amount of water that 
evaporates from the surface of all the oceans in half an hour or from 2 percent of the 
World Ocean surface area in 24 hours. The quantity of water vapor thus produced 
would increase its amount in the atmosphere by 0.2 percent (on average the at- 
mosphere contains about 10!? g of water vapor). 

With the total energy of nuclear explosions expended to heat the entire ter- 
restrial troposphere the latter's average temperature would rise merely by 0.01 K 
though local heating might be quite appreciable. 


* The authors thank the consultant to the 
Soviet Scientists! Committee for Peace 
against Nuclear Threat, Dr. S. N.Rodio- 
nov, who has made some of the estimates. 
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The energy yield of anuclear exchange would compare also with the kinetic 
energy of winds in the whole atmosphere, which add up to 5 x 107° J. The total 
energy yield from a global nuclear exchange would thus be equal to approximately 
10 percent of the atmospheric kinetic energy. 

But because the energy yield from nuclear explosions would not be wholly 
expended on water evaporation and direct heating of the Earth’s surface and at- 
mosphere, it becomes apparent that the blasts themselves, however destructive they 
might seem, would not be able to cause a cardinal rearrangement of the energy pat- 
terns of the natural processes leading to formation of a new temperature regime and 
moisture exchange, or to a restructuring of atmospheric and oceanic circulation 
patterns. 

It is the secondary effects of nuclear blasts that prove catastrophic, those 
which arise from the injection of dust, production of nitrogen oxides, and, especial- 
ly, the initiation of massive fires. 

Excess aerosol content in the atmosphere would result in a surface 
temperature decrease. Similar cooling, though of a different scale, is known to occur 
after major volcanic eruptions on the Earth and during dust storms on Mars. A 
more detailed description of these natural events will be given below. Now let us note 
that the energy yield from the eruption of Krakatoa (1883, Indonesia) is estimated at 
30 Mt and those at Mt. St. Helens (1980, USA) and El Chichon (1982, Mexico) at 
10 Mt. 

Immediately after a nuclear exchange the NO; concentration over the explo- 
sion area might grow to 10^? molecules/cm?. This NO; quantity is large enough to 
absorb half the incoming solar energy |24]. But because the atmospheric life-time of 
NO; isless than 24 h the likelihood of it having a major effect on the climate is rather 
remote. More significantly, however, the oxides of nitrogen would react with ozone. 
These reactions are variously estimated for different nuclear war scenarios to lead to 
the destruction of ozone by 30 to 70 percent in the stratosphere and to the produc- 
tion of ozone in the lower troposphere. In the absence of other contributory factors, 
this destruction of stratospheric ozone and the increase of its content in the lower 
layers might have the overall effect of pushing up the temperature at the Earth's sur- 
face by about 5 K [25]. This would occur due to the increase of the ultraviolet radia- 
tion flux into the troposphere and the enhancement of the greenhouse effect due to 
the increased concentration of tropospheric ozone. 

An additional but perhaps significant role contributing to stratospheric 
ozone depletion would be played by the aerosols produced by nuclear explosions. A 
marked decline in the ozone content in the layers that hold stratospheric aerosols of 
volcanic origin has in fact been documented from observations after major volcanic 
eruptions. 

Workers from the Institute of Physics of the Atmosphere, USSR Academy of 
Sciences, offered an explanation for an effect first noted by Soviet cosmonaut 


86 Long-term worldwide consequences of a nuclear war 


Georgii Grechko. While watching ‘space glows’ Grechko observed some blue bands 
above the horizon with somewhat lighter bands inside them. The blue bands were 
later identified as being due to the passage of light through the stratosphere’s ozone 
layer. The lighter bands correspond to smaller ozone concentrations at certain 
altitudes. As is currently perceived, the only plausible cause of these concentration 
decreases is ozone depletion in the aerosol-rich atmospheric layers [7]. 

Mankind has already made an unpremeditated attempt to destroy the ozone 
layer, which safely protects us from excess ultraviolet radiation. This was during the 
last series of intensive nuclear weapons tests in the atmosphere during the late 1950s- 
early 1960s, with the detonation of nuclear weapons totalling about 300 Mt in ex- 
plosive power [20]. To separate out the effect of the tests on total ozone using the 
data of the world ozonometric network is a difficult problem because of the ap- 
preciable natural variability of ozone in time and space. Recently however (1981), the 
American scientist G.C.Reingel (21] has been able using a special data processing 
methodology to estimate fairly confidently that the year after the tests the at- 
mospheric O; level had decreased by 3 + 1.5 percent, a value quite consistent with 
theoretical estimates. 

The effects of atmospheric contamination by dust from meteoritic explo- 
sions and the production of nitric oxides look relatively small in comparison with 
the catastrophic climatic consequences of the massive fires initiated by nuclear ex- 
changes. Indeed, only 10 percent of the available weapons are enough to set off fires 
over an area of more than one million square kilometres while the total nuclear 
arsenal is quite sufficient to ignite one third of the world's forests. 

The fires would release an energy yield at least one order of magnitude 
greater than that of the blasts themselves. Assuming all weapons caused large-scale 
fires, the latter's total energy would be equal to the total kinetic energy of winds in 
the whole of the terrestrial atmosphere. Its release would lead without fail to an all- 
out restructuring of atmospheric circulation and sweeping modification of the 
weather all over the Earth. 

Yet even urban and forest fires in a limited area of the order of one million 
km? can trigger catastrophic consequences due to the vast quantities of ash, soot, 
and smoke they would inject into the atmosphere. 

Propelled by the energy of the fires and thesmoke cloud heated by solar 
radiation, the products of combustion may be expected to fill practically the whole 
of the troposphere over the fire area, to be spread all over the Earth by atmospheric 
circulation currents. 

The aerosol input from one million km? burnt by the fires would be sufficient 
to reduce the sunlight reaching the earth's surface manyfold. As a result, the land 
surface would cool down by 30-40 °C and the ocean surface would cool only by a 
few degrees whereas the atmosphere above the ocean and land would warm up by 
10-20 °C. The rate of temperature decrease with altitude would decline both above 
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the ground and the ocean as well. The atmosphere-surface exchange of moisture 
would be depressed and the amount of precipitation from the middle and lower 
tropospheric layers would be reduced. All these processes would extend the lifetime 
of tropospheric aerosol. 4 

Aerosol particles can absorb and scatter solar radiation. Light scattering and 
reflection are responsible for a solar energy decrease near the ground, and its ab- 
sorption for additional heating of the atmosphere. Beyond these, aerosols absorb 
the thermal radiation rising from the ground, with a probable slight increase in the 
greenhouse effect of the atmosphere. 

The species of aerosol that poorly absorbs sunlight has a temperature effect 
similar to that of cloudcover which cools the surface in daytime (or summertime) by 
partially reflecting and scattering sunlight, and moderates the cooling at night (or in 
wintertime) by holding up the thermal radiation of the ground surface. 

On the global scale, an increase in the quantity of the light-scattering aerosol 
produces a cooling effect as it magnifies the Earth's reflectivity (albedo). The-cool- 
ing may be partially offset by the augmented greenhouse effect due to aerosol's ab- 
sorption of thermal radiation from the ground. The resultant effect depends on op- 
tical properties and altitude of the aerosol layer. 

But in all cases, the aerosol, much as the clouds do, would control the solar 
and thermal radiation fluxes and thereby smooth over temperature contrasts. 

All the strongly absorbing aerosol species, whether smoke or soot but par- 
ticularly urban fire ejecta, reduce much more intensively than dust the solar energy 
influx to the ground. Concurrently, the absorbing aerosol may decrease the Earth's 
global reflectivity. The fires thus result in a situation when solar radiation is ab- 
sorbed in the atmosphere while the ground surface is heated, not by the Sun, but by 
the thermal radiation of the atmosphere. 

As the atmospheric concentrations of absorbing particulate increase, they 
enable at first the effect of decreasing albedo to predominate and the surface may be 
heated. But then thick smoke clouds gather in the atmosphere and, as shown in re- 
cent works of Soviet and American scientists, the land surface may be cooled by tens 
of degrees to adjust to the temperature of the upper absorbing aerosol layer. The 
combined impact of the burning products and the dust injected into the atmosphere 
intensifies the cooling. 

Separate descriptions of some natural analogs of the consequences of a 
nuclear war will be presented below. 

Among the natural phenomena with potentials for modifying tem eratis 
on the Earth, we will discuss powerful volcanic eruptions, major forest fires, Mar- 
tian dust storms, and the hypothetical fall of an asteroid on the Earth about 65 
million years ago. The latter is assumed currently to have been the most likely cause 
ofthe ecological catastrophe responsible for the extinction of about three quarters 
of the then existing biological species, and the dinosaur in particular. 
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Volcanoes 

A large volcanic eruption always implies a natural disaster for the inhabitants 
of nearby regions. Some estimates suggest 200,000 fatalities as the human toll of 
volcanic eruptions over the last 500 years. 

The destructive powers of volcanoes are tremendous. In one spectacular ex- 
ample about 1,500 years B.C., an eruption on the Greek island of Santorin practically 
swept it out of existence, forming instead a caldera 80 km? by volume. The energy 
released by the eruption stirred a 30 m-high tidal wave which devastated the island of 
Crete and several hours later flooded the Nile delta and ruined a sea-port 1,000 km 
away from the eruption site. Some researchers ascribe the death of Atlantis and the 
biblical Egyptian darkness to the eruption. s 

One of the major eruptions of the recent past occurred a hundred years ago, 
in 1883, on the island of Krakatoa, which lies in Sunda Strait between Java and 
Sumatra. The rumble of tha blast could be heard 4,000 km away, in Australia and 
Ceylon. The explosion blasted up into air about 20 km? of rock and produced a 
tsunami wave 40-m high; an uncommonly high rise of tide was recorded even in the 
English Channel. Cinders blanketed an area about one million km’. In Djakarta 
complete darkness fell in daytime. The finest dust reached the stratosphere and 
spread the length and breadth of the Earth, causing inordinately bright sunsets and 
sunrises. Years passed before the dust settled. Because of the partial screening of 
sunlight, average annual air temperatures decreased over large spaces [11]. 

It has now been recognized from climatic temperature series that in the years 
following major eruptions or series of eruptions, average air temperatures near the 
Earth's surface decline by 0.3—0.5 °C, with much more noticeable cooling in some 
regions. 

Studies of aerosol injections into the atmosphere during volcanic eruptions 
and their climatic effects are important for comparison with possible nuclear at- 
mospheric contamination. As has been noted already, an aerosol cloud acts first to 
smooth temperature contrasts. This became clearly evident during the eruption of 
Mt. St. Helens on May 1980. On its way across the US territory the cloud of volcanic 
ejecta depressed the diurnal temperatures by 8 ?C and elevated by as much the noc- 
turnal temperatures. , 

The eruption of El Chichon in Mexico in April 1982 is claimed by some scien- 
tists to have resulted in the abnormally warm winter of 1982-3. In general, the ef- 
fects on weather vary with the height of injection and the time and place of eruption. 
There is no question, however, that with growing thickness of the stratospheric 
aerosol layer consisting of submicron-range particles and condensation products of 
volcanic gases, the climate-cooling effects come to dominate the scene. By reason of 
these effects catastrophic eruptions can serve, though on a modest scale, as a good 
analog of the effects of ‘nuclear’ atmospheric smoke and dust contamination. 
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Evidently, the eruption of Tambora in Indonesia in 1815 is the largest 
volcanic event in human history*. Its blast sent aloft 150 km? of particulate matter; 
its energy yield is estimated at 1.5 x 107? J—three times the magnitude of all nuclear 
stockpiles. The post-eruption year of 1816 was called the ‘Year without Summer’ in 
North America and Western Europe. That year in New England snow fellin June 
and freezing temperatures struck in July and August. In Switzerland and France, the 
ripening season for grapes between 1782 and 1856 had never before been as late in 
coming. In England, Switzerland and the Northern United States the summer of 
1816 had been the coolest since the onset of meteorological observations. 

The abnormally cool summer instigated crop failures and famine, especially 
in Europe devastated by the Napoleonic wars. It is not unlikely that the Tambora 
eruption led, as one of its consequences, to the cholera pandemic, which broke out 
following the famine in Bengal after the very cool summer of 1816. It then reached 
the Caucasus in 1823 and Europe and America in 1830-2. A graphic account of the 
events of 1816 can be found in [18]. 

If the cooling of merely a few degrees could have brought such devastating 
consequences over large territories of the Earth, it is hard to imagine all the effects 
due to a cooling by tens of degrees of the Earth's total land area in the grips of the 
‘nuclear winter’. 

This is Nature’s warning to humans against the mortal danger of a nuclear 
war for the whole human race. The discussion of consequences of volcanic erup- 
tions should fitfully end with Darkness, a poem of George Gordon Byron’. 


Darkness 
July 1816, Villa Diodati, Geneva Lake 


I had a dream, which was not all a dream. 

The bright sun was extinguished, and the stars 
Did wander darkling in the eternal space, 

Rayless and pathless, and the icy Earth 

Swung blind and blackening in the moonless air; 
Morn came and went—and came, and brought no day, 
And men forgot their passions in the dread 

Of this their desolation; and all hearts 

Were chilled into a selfish prayer for light: 

And they did live by watchfires—and the thrones, 
And palaces of crowned kings—the huts, 

The habitations of all things which dwell, 

Were burnt for beacons; cities were consumed, 
And men were gathered round their blazing homes 
To look once more into each other's face; 

Happy were those who dwelt within the eye 


* Another powerful eruption of the volcano T This poem was brought to G. S. Golits- 
near Rabaul (Papua-New Guinea) was yn'sattention in November 1983 by a 
recently described by R. B. Stothers in the Georgian geophysicist Dr. Anzor 
paper ‘Mystery cloud of AD 536' [Nature, — Gvelesiani. 
vol.307, no.5949: 344—5 (1984)] with the 
same or larger cooling effect. 
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Of the volcanoes, and their mountain-torch: 
A fearful hope was all the World contained; 
Forests were set on fire—but hour by hour 
They fell and faded—and the crackling trunks 
Extinguished with a crash—and all was black. 
The brows of men by the despairing light 
Wore an unearthly aspect... 

.. The World was void, 
The populous and the powerful was a lump, 
Seasonless, herbless, treeless, manless, lifeless— 
A lump of death—a chaos of hard clay. 
The rivers, lakes, and ocean all stood still, 
And nothing stirred within their silent depths; 
Ships sailorless lay rotting on the sea, 
And their masts fell down piecemeal: as they dropped 
They slept on the abyss without a surge— 
The waves were dead; the tides were in their grave, 
The Moon, their mistress, had expired before; 
The winds were withered in the stagnant air, 
And the clouds perished; Darkness had no need 
Of aid from them—She was the Universe.* 


The ecological catastrophe about 65 million years ago 

One event in the history of the Earth and its biosphere seems very likely to 
have a direct bearing on the theme of our present discussion. This is the massive and 
simultaneous extinction of many reptilian groups, a significant number of marine 
invertebrate groups, and numerous plant groups, about 65 million years ago, at the 
Cretaceous-Tertiary boundary in the geological history of the Earth. Explanations 
have been attempted by many generations of scientists sincethe early I9th century 
when the great French paleontologist and anatomist B.G.Cuvier put forward his own 
hypothesis for the catastrophe. The hypothesis however was short-lived, rejected by 
most scientists of the day, and had little popularity in the following century and a 
half. 

Nevertheless by the end of 1970s it was clearly recognized that the biosphere, 
in all its diversity, 1s particularly sensitive to climatic changes. They interfere most 
readily with natural food chains as different organisms demonstrate different adap- 
tivity to alterations of temperature, moisture, and so forth. By the same time, 
evidence from various parts of the world has established beyond doubt the near- 
simultaneous timing for the extinction, within a short time period, of 
phytoplankton in near-surface sea water and many families of zooplankton. Con- 


* Selections from Byron. Moscow, Pro- 
gress Publishers, 1979, p. 218. 
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vincing, though not very extensive, evidence exists in favour of the simultaneous ex- 
tinction, about 65 million years ago, of dinosaurs and other reptiles. 

In 1979 researchers from the University of California at Berkeley [22]an- 
nounced the discovery of the heavy element iridium in abnormally high concentra- 
tions in a marine formation near Gubbio in the Apennines, Italy. Iridium was pre- 
sent only in the 1—2 cm-thick layer of clay separating Late Cretaceous marine 
limestones from the overlying limestones of the Early Tertiary age. The limestones 
beneath the clays contained marine organisms typical of Late Cretaceous, with no 
organisms whatever found in the clays themselves. Lastly, the limestones overlying 
the clay layer included no Cretaceous organisms but did hold some organisms com- 
mon to the Tertiary period. 

Using neutron activation analysis, the clay was found to be 30-fold higher in 
iridium than its common concentrations in terrestrial rocks. Essentially the same 
results on iridium enrichment of the sedimentary rocks from the Cretaceous Tertiary 
transition were reported from Stevns Klint in Denmark [22], whereiridium concen- 
trations were 160 times higher than the normal; in some sedimentary marine rocks 
from deep-sea drilling data in the Atlantic, in the Pacific, and in some freshwater 
lakes. 

A heavy platinum-group element, iridium has in the earth's crust much lower 
concentrations than in the material of the solar system, notably meteorites. In all 
likelihood, it is heavily concentrated in the Earth's nucleus. All this evidence has led 
the scientists from California to suggest an extra-terrestrial origin for the iridium in 
the rocks dated as the turn of the Tertiary period. Most likely, it was incorporated 
when an asteroid fell to the Earth. From the global distribution of iridium the body 
has been roughly defined as a sphere about 10 km in radius. 

In [23] geologists J. M.Luck and K.K Turekian from Yale University, USA, 
reported their data on theisotope ratio for osmium, another heavy element. They 
found the osmium isotope ratios in manganese concretions, which concentrate 
chemical elements from sea water, to be analogous to the isotope ratio in the earth's 
crust. On the other hand, their ratio in samples of sediments dated as the 
Cretaceous-Tertiary transition from Stevns Klint (Denmark) and Raton Basin (Col- 
orado) is more like the ratio in meteorites. This offered an important, new and in- 
dependent confirmation to the fall on the Earth of an extra-terrestrial body about 65 
million years ago. 

Since quite a few volcanic rocks have been recently shown to be rather high in 
iridium and other rare metals, the Yale researchers explored the likelihood of 
volcanic origin for these rocks. They concluded that volcanic origin, even if con- 
ceivable in principle, is still a remote possibility. Indeed, the eruption of the 
magnitude necessary for a material rich in rare elements to be deposited in the 
amounts that were located in the transition layer at broadly different points on the 
globe is much less probable than the Earth's collision with a large celestial body. 
Thus the 'simple explanation' they arrived at was that the high concentrations of 
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iridium, as also the extraordinary ratios of osmium isotopes, attest to the impact of 
extraneous bodies—meteorities, asteroids, or comets. 

What kind of an asteroid about 10 km in size might have collided with the 
Earth about 65 million years ago and how often do these collisions occur? The most 
likely candidate is an asteroid from the Appollo group of relatively small celestial 
bodies with orbits crossing the Earth’s orbital plane. Nearly 30 similar objects are 
known to date, varying in diameter from 0.2 to 8 km. But because telescope searches 
of them have been unsystematic and inadequate while they are much too small, it is 
roughly estimated that there may be about 750 asteroids over 1 km in diameter in the 
group. Collision with the Earth of at least some of them is inevitable. It can be 
estimated further that an asteroid sized 10 km or greater encounters the Earth about 
once in 100 million years. | | 

Such a collision blasts out on the Earth's surface a crater with a diameter 
nearly tenfold greater than the diameter of the falling body, and twice its diameter in 
depth. The asteroid itself practically all vaporizes but ejects in the process a rock 
mass a hundred times its own mass. The fine-crushed rock which form part of the 
ejecta may be introduced into the higher atmosphere and even the stratosphere and 
remain there for a considerable length of time. 

It is pertinent to ask if such an asteroid, as it falls, can induce global climatic 
perturbations and, more generally, how could it affect the biosphere? The most ade- 
quate answer to date has been the model designed by Pollack ef al. in the USA [168]. 
Though unknown values in the model are averaged over horizontal levels, its authors 
trace the evolution in time of the dust cloud generated, taking into account its 
horizontal spread, vertical evolution of the profile, and altered particulate quantities 
by size groups due to their fallout, precipitation, washout, coagulation, etc. The par- 
ticulate's interaction with solar radiation and the thermal radiation of the Earth and 
the atmosphere is carefully considered, with separate simulations done for atmo- 
sphere over the land and above the ocean. 

Such simulations involve, of course, numerous uncertainties regarding 
various parameters and processes. To take care of these, the authors!16] projected 
models for a number of scenarios. All the scenarios envisage a fast horizontal dis- 
persal of the dust, brought about by the temperature contrasts that arise between 
clear and contaminated atmospheric regions. The latter heavily absorb solar radia- 
tion, and thereby are heated faster than the uncontaminated atmospheric regions. 
This is the mechanism responsible for the rapid, on a time scale of 1—2 weeks, global 
distribution of dust clouds on Mars (see below). 

Despite some differences in the simulation results between particular 
scenarios, they all indicate that for about a month the ground surface would be 
blocked out from solar radiation to the extent that total darkness would descend 
upon it; for a few months no photosynthesis would be possible; for almost half a 
year the land surface temperature would be below 0 °C, and ground temperature 
drop to a maximum of — 20 *C might last for a month or longer. 
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Over roughly a year, required for the dust to settle from the troposphere and 
stratosphere, the upper oceanic layer would have time to cool by only a few degrees 
because of the ocean's great thermal inertia. Heat transfer from the atmosphere over 
the oceans to the continents might mitigate the cooling by 20to 30 percent on 
continental inlands and by a factor of two or three in the coastal regions. On the 
whole, however, the surface temperature would remain way below zero. With such a 
heavy atmospheric dust burden, the land surface would cool, being practically imp- 
ervious to sunlight. And, by remaining warmer than the dust-laden stratosphere, the 
surface under these conditions would also be losing energy through thermal rad- 
iation. In parallel, the land surface temperature would tend asymptotically to the 
temperature at which the entire planet would radiate heat into space. 

All of the above results with respect to the surface temperature of the land 
and ocean are derived also from a very simple model constructed by the authors of 
this paper and reported at the conference ‘The World after Nuclear War’ on 
November 1, 1983 in Washington, D.C. The model was also used to estimate the 
consequences of the hypothetical fall of an asteroid on the Earth. 

The simulation results of the US authors and our own more recent calcu- 
lations agree that the extinction of marine organisms at the Cretaceous-Tertiary 
boundary was caused by temporary, on atime scale of few months, cessation of 
photosynthetic activity in superficial sea water and the ensuing breakup of food 
chains. Thelack of photosynthesis and the land cooling could not have affected ter- 
restrial plants too much because they reproduce by seeds which were able to survive 
the severe spell for about a year. Also, the carbon cycle on land occurs on the time 
scale of several years or more. The authors [16] agree that large animals probably 
succumbed both to cold and to the difficulty of finding food in prolonged darkness. 
Russel [17]specified that all animals with body weight over 25 kg and many of the 
smaller animals disappeared in that epoch. Small animals could better adapt to 
darkness and drop of temperature, e.g., by digging into the ground. 

A question remains as to whether there is a crater on the Earth which could 
be identified with the fall of the asteroid. The fact that the ocean now occupies 71 
percent of the total surface area, leaves a 29 percent probability of the crater being 
located on the ground. The most likely candidate is the Kara crater near the Kara riv- 
er which takes its source in the Northern Urals and flows into the Baidaratskaya 
Guba bay in the Kara Sea. According to Prof. Feldman from Moscow State 
University the crater's age may be dated at 60to 66 million years. 

The Kara crater, or Kara depression to use the term suggested by Masaitis and 
Mishchak [9] from Leningrad, the first to describe it as an impact-generated crater, is 
actually a combination of two craters: the main, Kara crater, with the diameter of 
60 km, and the second, Ust-Kara, with the diameter of 25 km, extending in part to 
the bottom of Baidaratskaya Guba. Interestingly, Masaitis has identified with the 
same impact a third crater, the Kamensk, which is near Rostov, and has the diameter 
of about 5 km. Sitting on one arc of a large circle, they all are certain to have ori- 


94 Long-term worldwide consequences of anuclear war 


ginated from the same dublet or triplet. While in space, they had been a single 
system held together by their own weak gravitational field and moving along the 
same trajectory. As the system approached the Earth it fell apart in the latter’s much 
stronger gravitational field. Quite conceivably, such a system, upon colliding with 
the Earth, could have raised aloft the amount of dust sufficient to cause the 
ecological catastrophe of the nature and magnitude described above. This is because 
a simultaneous collision of two (or three) asteroids with the Earth can release more 
energy and stir up more dust than one aSteroid with a mass equivalent to their total. 

Thus, to summarize this section, it can be stated that the hypothesis on the 
fall of a relatively small asteroid (or two or three asteroids) seems to be weighty 
enough a foundation to explain the ecological catastrophe about 65 million years 
ago. The physical mechanisms of the impact on the biosphere are also clear: these 
are atmospheric dust contamination and sunlight cut-off from the surface which 
stopped photosynthesis and brought about a sharp cooling of the land surface. The 
atmospheric dust content was of course hundreds of times greater than it would be 
after anuclear exchange. But for the surface temperature to be drastically lowered, 
sunlight attenuation by a factor of tens of thousands is not required. It has been 
calculated that merely a several-fold sunlight attenuation would be sufficient to 
produce a significant temperature decrease. The most complete evidence on the ef- 
fect has come from studies of Mars. 


Martian dust storms 

Dust storms on Mars are a real and presently rather well-understood natural 
phenomenon that shares many features with consequences of a nuclear war. As with 
a nuclear war, their effects include a noticeable cooling of the planet’s surface and a 
significant warming of its atmosphere. 

Martian dust storms have been known long before the era of space explor- 
ation and observed since the late 18th century from the ground. They were typically 
observed during the great oppositions of Mars when it came nearest to the Earth and 
Sun and became accessible tointensive observation. Atthe time Mars passes through 
its perihelion in its Southern Hemisphere is late spring-early summer. At this time, 
the sunlight incident on the planet’s surface is at a maximum and about 20 percent 
above the average, because of the elongated Martian orbit. As early as 1909, 
E.Antoniadi, a French astronomer, put forward the idea that even though the yellow 
clouds on Mars, apparently composed of dust particles, occurred at other periods, 
they should be most intensive during perihelial oppositions. Great oppositions 
occur every 15 to 17 years, with the last one in 1971 and the next expected in 1988. 
During that time, Mars passes another 8 or 9 times through its perihelion and indeed 
the yellow clouds are frequently observed during Martian oppositions near the great 
ones. However when Mars passes through its perihelion at other times it is either too 
far from the Earth to be seen or appears in the diurnal sky, thus making ground- 
based astronomical observations difficult or impossible. 
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During the last great opposition, in the fall of 1971, astronomers recorded the 
appearance of separate dust clouds in mid-September. The ‘Planetary Patrol’ pro- 
gram which was undertaken by several observatories around the Earth using the 
same methodology was being carried out throughout that period to take hour-by- 
hour photographs of the major planets. Hence the development of the storm in 1971 
is minutely documented. When in November 1971 the Mariner 9 and then Mars 2 
and Mars 3 interplanetary probes approached Mars, their TV-cameras saw that the 
whole planet was blanketed by a dust cloud, with only the summits of the four 
highest Martian mountains—ancient volcanoes—protruding above it. The dust 
cloud did not dissipate completely until February 1972. 

In 1977 two orbital Viking platforms and two landers on the planet’s surface 
photographed every detail of the dust storms and made a variety of physical meas- 
urements. Both provided data supporting our current, and already fairly complete 
knowledge about the evolution and basic nature of this phenomenon. 

The dust clouds tend to come up at certain localities, chiefly in the subtropi- 
cal and temperate latitudes of the Martian Southern hemisphere in late spring-early 
summer. They complete the diurnal development cycle, expanding considerably by 
the day’s end and settling down overnight, but on average the atmospheric dust 
burden keeps growing in these latitudes. Within a few days, a week at most, the dust 
encompasses the whole latitudinal belt in which the clouds originate. Further on, 
the dust veil begins spreading meridionally to blanket the whole planet in a matter of 
10 days or so. 

The mechanisms of dust spread were examined in detail by Hess 6] and 
Golitsyn [27]. To inject sand and dust into the Martian atmosphere requires wind 
speeds of around 40 m/s. For the rarefied Martian atmosphere, an atmospheric 
column of which is approximately 60 times thinner than that on the Earth, such 
winds are not extraordinary (they were repeatedly recorded by orbital spacecraft) 
though normally the winds are slower. Large airborne particles are deposited on the 
Martian surface to knock out many new smaller particles which then settle due to 
gravity comparatively slowly. 

Another mechanism to introduce fine dust into the atmosphere is provided 
by dust whirlwinds, or dust devils. They develop with low-to-medium force winds 
but with large surface overheating, generating high-level atmospheric instability. For 
Mars, these conditions are best fulfilled near perihelion at noon. 

The rarefied Martian atmosphere, coupled with strong surface heating 
promotes upward convection in daytime to high altitudes, of the order of 10 km or 
even higher. Thus the dust fills the whole lower atmosphere with comparative ease. 

What are contributory factors in rapid horizontal dust transport so that the 
dust veil covers the whole planet in one or two weeks? In 1973 Hessj26], Girash and 
Goody[28], and Golitsyn[27] independently pointed to a feedback mechanism be- 
tween the upward transport of dust and the. system of atmospheric winds. Its basic 
concept is that because dust absorbs solar radiation well, a dust-laden atmospheric 
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layer becomes hotter than its neighboring, still dust-free regions. This gives rise to 
specific winds that develop high speeds of about tens of metres per second. The 
stronger and faster winds disperse efficiently the dust already in the atmosphere 
while also raissssssing new quantities from the surface. Barenblatt and Golitsyn have 
shown [29] that in a dust-laden atmosphere the wind’s speed increases with altitude 
faster than under normal conditions—another factor accelerating dust dispersal 
(supporting evidence comes from measurements of dust storms in Kazakhstan, see 
[29). 

What happens in the global dust storm? Data from atmospheric soundings 
from orbital spacecraft indicate that the Martian atmosphere is thus heated by ap- 
proximately 20-30 °C. Direct Viking measurements reveal a temperature fall of 
10-15 °C on the Martian surface with the advent of the dust cloud. The simple 
model for the radiation balance at the upper atmospheric boundary and on the 
planet's surface that was desibned by the authors of this article [4] simulates well 
these changes. 

Changes in the general circulation pattern of the Martian atmosphere, as 
recorded by the Vikings from surface measurements at the time of global dust 
storms, look rather dramatic. In 1970 Golitsyn [30] proposed a general classification 
scheme for planetary atmospheric circulation patterns. The scheme shows a close 
similarity of Martian atmospheric circulation to that of the Earth. Stations on the 
Martian surface have recorded in winter fairly regular passage of cyclones and an- 
ticyclones, indeed more regular than on the Earth, presumably because of the 
absence of oceans on Mars. Whenever a dust storm comes by, all cyclonic activity in 
the Martian atmosphere stops abruptly. 

Thecauses were examined in theory and the theoretical inferences were con- 
firmed in laboratory experiments under Golitsyn’s guidance by Boubnov, a resear- 
cher from the Institute of Atmospheric Physics, USSR Academy of Sciences [31]. 
The key factor of changein the atmospheric circulation pattern is a sharp increase in 
the vertical stability of the dusty atmosphere, the consequence of it being heated and 
the planet's surface cooled. The laboratory model of the atmosphere consists of a 
rotating annular vessel with water, its internal wall simulating the pole cooler than 
the external wall that simulates the equator. Pioneering experiments of this kind 
were staged by British geophysicist Hide in 1953 [14]. By changing the rotation speed 
and temperature drop between the walls it is possible to cause eddies in the annulus 
water that are analogous, on a much smaller scale, to atmospheric cyclones and an- 
ticyclones. The eddies can be markedly reduced in number or suppressed altogether 
if a positive vertical temperature gradient is superposed to get the water temperature 
to increase from the bottom up. It thus accounts for the changes of general circula- 
tion on Mars concurrent with a global dust storm. 

Such are the key features of the Martian dust storms. Their study is essential 
for understanding the climatic consequences of the introduction into the Martian 
atmosphere of sunlight-absorbing aerosols in great quantities. Mars reveals to us the 
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mechanisms for rapid proliferation of dust on a global scale, strong heating of its at- 
mosphere and notable cooling of the ground surface which, combined together, 


have the capacity to modify the general atmospheric circulation pattern. 
Á 


There is and always will be a measure of uncertainty involved in estimating 
the consequences of a nuclear war. Its extent is governed by the choice of scenarios, 
the season when it starts, and even the weather conditions at its onset. For all that, 
the foregoing discussion on natural analogs makes it clear that these consequences 
would be awesome and long-lasting. We are not yet quite clear on a number of points 
concerning the propagation of smoke from fires into the higher atmosphere* and 
horizontally, or the life-time of the aerosol and the processes of its precipitation 
from the atmosphere. Yet there are weighty reasons to expect a major reduction in 
precipitation from a smoke-laden and heated atmosphere [6] the main cause of 
which is that the heated atmosphere relative to the cooled surface would have lesser 
humidity and reduced moisture exchange with the underlying surface. Scientists in 
many countries are working hard to clarify these issues, in the hope that their predic- 
tions of consequences of a nuclear war will remain for ever what they are now—just 
predictions. 
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Now is the first and probably the last time 
mankind is having the opportunity to choose its fate and 
either march down the way to global nuclear catastrophe 
and self-annihilation or listen to sense and reason and 
give up for ever the attempts at using nuclear warfare as 
a means to settle political and ideological conflicts. 

The choice is still ours to make, but developments on the 
world political scene have taken such a turn that 
mankind is already living under conditions of ap- 
proaching nuclear catastrophe, pressed on by the ever 
more threatening military preparations, and in an at- 
mosphere of pervasive fear and insecurity. 

Loyal to the Hippocratic oath and guided by the sense of 
civil and social responsibility, physicians from different 
countries and continents assume vigorous commitment 
in the progressive world-wide movement to avert nuclear 
war and to ensure complete security for the present and 
future generations. In 1981, they emerged as an influen- 
tial public force that has since developed into a broad in- 
ternational movement called International Physicians 
for the Prevention of Nuclear War. 

The international movement is dedicated to a thorough, 
scientific, objective, and unbiased examination of the ef- 
fects of nuclear war, committed to advising the general 
public and government leaders on these effects; they also 


suggest ways of curbing the arms race. 

Over the three years, medical scientists have done a great deal to provide an 
objective appraisal of the health effects of a nuclear war. In any attempt to evaluate, 
even on a qualitative basis, the immediate and late biological and medical conse- 
quences of a nuclear war, the starting assumption must be that such a war, once it 
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breaks out, would inevitably escalate into a world-wide nuclear conflagration. In 
fact, the nuclear stockpiles to date are more than large enough to damage every 
region of the world should a nuclear conflict begin. 

The sorry fate of the areas, human population and natural communities of 
animals, plants, and microorganisms in the zones of massive nuclear exposure near 
the hypocenters of the blasts is more or less clear and unambiguous. These territories 
would be inevitably reduced to scorched deserts and ones which would, into the 
bargain, be massively and for many years ahead contaminated by the radioactive 
fallout of a magnitude precluding their re-population by biological communities and 
man. Furthermore, such zones of mortality would provide long-lasting dissipation 
foci of radioactive products, either entrained and airborne as dust by wind erosion of 
soils or waterborne as solutions and suspensions in both surface and ground runoff. 

Current scenarios of nuclear war are veritable enough to convey the idea of the 
resulting human casualties. One of them, the scenario of a 1 Mt nuclear attack on a 
city with one million population, has been reviewed by Chazov, Il'in and Gus’ kova [1]. 
Depending on the type of a burst (air or surface), between 200 and 310 thousand peo- 
ple would be killed outright and another 350 to 380 thousand injured to a varying 
degree of severity by the end of the first day. 310 to 450 thousand would remain 
unscathed, at least for the time being. These effects would loom particularly large 
from a global nuclear war. The casualty figures were tabulated by Il'in [2] in Table 1. 


Table 1 Estimated medical consequences of a global 
nuclear war |2] 


Nuclear Total 
Popula- weapons Number, millions number of 
tion, usedin victims, 
Continent millions attack, Mt deaths injuries millions 
Europe 670 1,650 249 193 442 
Asia 2,620 6,640 717 783 1,500 
North 
America 363 900 89 55 144 
Africa 468 640 50 33 83 
South 
America 244 330 41 29 70 
Australia 
and Oceania 22.6 30 3.6 2.5 6.1 
World total 4,390 10,000 1,150 1,095 2,245 


Ambio [3] brought up a series of articles that present a scenario of a global 
nuclear war, in which nuclear devices with a total energy yield of 5,742 Mt would be 
detonated by the belligerents, taking of course a much greater toll of casualties. 
Another article [4] reveals that in the Northern Hemisphere (and, to a lesser extent, in 
the Southern also), of its total population of 1,290 million, 750 million would die and 
340 sustain radiation lesions. Only 200 million would avoid damage, to be left to their 
own, presently altogether dim, fate. 
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Until now, war medicine has been basing its entire strategy on the experience 
of conventional warfare, or natural calamities in peacetime. It is hard to imagine 
how this experience can be of use in a modern-type nuclear war. Ina large city, 
nuclear explosions would cause instant death of nearly one third of its population, 
and about as many would be victimized by burns, wounds or injuries. Fora city with 
one million population, they would represent an estimated 150 thousand with burns 
200 thousand with injuries, and 30 thousand with combined lesions[5]. Most of the 
hospitals, other health facilities, and medical supplies and logistics would be 
destroyed. The medical personnel would suffer as much as the general population 
and even more, having been heavily exposed to radiation while giving first aid to the 
injured. However most victims would receive no aid whatever, partially because of 
the drastic shortages of doctors and nurses, but more so because all public services 
and transportation would be harshly disorganized. Radioactive contamination of 
the area would add to the number of unjured. The survivors would be unavoidably 
panic-stricken orthrown into the state of stupor. Hence it is clear that the resources 
left available to survived medical personnel for administering adequate or at least 
first aid and life support to the victims of a nuclear catastrophe would be practically 
nil under these conditions[5). 

International WHO Committee of Experts in Medical Science and Public 
Health concluded, upon examining probable medical consequences of a nuclear 
war, that not a single health service, in whatever region of the world, would stay 
capable of effectively aiding the hundreds of thousands of people affected by the 
shock wave and thermal and nuclear radiation caused by the detonation of just a 
1 Mt bomb. The burden would be far too great for any system of health and medical 
care[6]. 

The effects of American nuclear explosions over Hiroshima and Nagasaki in 
Japan in August 1945 have been studied well to date. In light of the discussion above, 
however, they cannot seem to be an adequate model for the hazardous biological 
and health impact of a global nuclear exchange. However tragic the fate of 
Hiroshima and Nagasaki, they represented local foci of damage resulting from the 
detonation of low-yield (by modern standards) atomic bombs. In both cases the sur- 
rounding ecological, economic, and social environment remained practically intact. 
By contrast, massive use of nuclear weapons on a continental scale would create vast 
zones of unevenly damaged biosphere and noosphere. Relatively unaffected by 
radiation and fires areas would stand out as merely local pockets. 

Thus, the tremendous immediate losses caused by a nuclear war would by no 
means be the end of such a dramatic event. The biological and medical implications 
of nuclear explosions are a lot more difficult to predict for the Earth's land and 
water areas outside the zone of massive nuclear exposure. These regions would be 
less or even marginally affected by the primary destructive factors of nuclear ex- 
changes such as the shock wave and thermal and luminous radiations. Their further 
fate would depend on many factors including those caused by blasts, decay products 
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of nuclear fuel, the effect of induced radioactivity, together with drastic changes of 
global meteorological and hydrological conditions. 

The biological and health effects of nuclear explosions outsidethe foci of 
massive deadly exposure can be separated, somewhat conventionally (because they 
actually constitute a single set of processes), into three categories: (1) injury to 
human’s habitat, or ecological effects; (2) injury to individuals, their aggregates and 
entire populations through direct exposure to external sources of radiation or by ac- 
cumulation of radioactive products, or pathological effects; and (3) alteration of 
hereditary materialin the progeny of the exposed organisms, or genetic effects. 

The ecological effects of a nuclear conflict as applied to the fate of man and 
mankind as a whole, can, in their turn, be classified, again with some conventionali- 
ty, into two groups of processes—those which modify natural ecological systems, or 
biogeocenoses, and those modifying anthropogenic environmental components, 
that is, the techno- and noosphere. 

Predictive estimates of the ecological effects produced by a nuclear conflict 
should best be made using the data of modern natural sciences about the structure 
and functioning of the Earth's outer shells. Their basic concepts derive from Ver- 
nadskii's fundamental theory of the biosphere l7]and Sukachev's theory of the 
biogeocenosis [8]. 

The biosphere functions as a single planetary mechanism for: (1) the 
assimilation of solar energy, carbonic acid, water and mineral substances by green 
vegetation, the primary producer of organic substances; (2) the multiple transfor- 
mation and re-utilization of the organics by animals and microbes; (3) the degrada- 
tion of the organics to the source mineral products by the mineralizer 
microorganisms. These processes need to maintain dynamic equilibrium to make 
possible the very existence of life on the Earth over a geologically lengthy period; 
they also determine the chemical composition and the course of chemical processes 
in the rocks, water, and atmosphere of the Earth. 

Even in peacetime, the aggregate industrial activity of present-day human 
society proves a potent enough factor to make a tangible impact on the secular run 
of life in the biosphere, manifested by changes in the gaseous composition of the at- 
mosphere, hydrologic regime of natural waters, and so forth. Incomparably greater 
changes, due to the massive release of thermal energy, carbon dioxide, and aerosols 
from a large-scale nuclear exchange, would inevitably engulf the biosphere. These 
would be compounded by the effects of global radioactive contamination referred to 
below. 

A significant feature of the Earth's biosphere is its definitive structure, its 
clear-cut division into biogeocenoses—relatively self-contained subsystems in 
regard to the circulation of matter and energy. After Sukachev [8] and Timofeev- 
Resovskii [9], the biogeocenosis is currently defined as the elementary unit of the 
biosphere comprising a community of organisms with a definite species composi- 
tion of plants, animals and microbes (biocenosis or biotic community) and an ag- 
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gregate of the natural components specific to the habitat of that community 
(biotope). Natural biogeocenoses are characterized by dynamic stability maintained 
through the balance of trophic links* between their biotic constituents, on the one 
hand, and relative constancy of the local natural conditions—microclimate, soil, 
hydrological regime, etc., on the other. It has been shown that the species structure 
can persist only in multi-component biogeocenoses with a large number of consti- 
tuent plant, animal and microorganism species, held together by a single system of 
trophic links [10], 

A vast amount of research has been done in the world throughout the 1950s 
and 70s to elucidate the impact of radiation upon natural and model biogeocenoses. 
As an example, the discussion here will concentrate largely on the results of the 
pioneering studies in that area accomplished by Timofeev-Resovskii with associates 
[11]. Since the inception, their work had followed the ideas of Vernadskii and 
Sukachev, giving it the necessary all-embracing framework to emerge as an indepen- 
dent area of research in biogeocenology— radiation biogeocenology [12]. 

In outline, the basic concepts of radiation biogeocenology for the purpose of 
this article come down to the following. 

The biological species comprising any biogeocenosis vary greatly, up to 
several orders of magnitude, in their radiosensitivity. The most susceptible are the 
animal species; even relatively low doses of radiant exposure (of the order of 1 Gy) 
are sufficient to induce linear inhibition of the biomass and bioproductivity of 
populations. Doses of several Gy trigger off successive, radiosensitivity-dependent, 
extinction of a particular species population [13]. Plants and microorganisms are 
more radio-resistant, especially in their dormant phases—seeds and spores; doses up 
to 1 Gy may even slightly increase the biomass and bioproductivity of their popula- 
tions [14]. With greater radiation doses, the reaction of plants and microorganisms 
changes to the reverse, leading to their extinction as for the animal species, which 
was mentioned above. 

To recapitulate, the results of radiant exposure go beyond the increasing with 
dose reduction in the total biomass and bioproductivity of affected biogeocenoses 
(not least the decreasing production of molecular oxygen in the process of photo- 
synthesis). The restructuring of biogeocenoses also takes place by progressively thin- 
ning the species composition of the communities and ruining the established trophic 
links. The conditions that arise decrease the stability of the biogeocenoses and 
therefore are likely to bring their total destruction. In successive generations the 
communities’ instability is going to be magnified by the ever greater genetic burden 
of these populations, due to the increase in the level of the spontaneous mutation 
process (of which more will be said below). 

Degradation of biogeocenoses is observed under the effect of external 
sources as well as absorbed radioisotopes. In the latter case (long-lived 
radioisotopes) the chronic character of irradiation will reduce the regeneration 
potential of the communities. 

* Trophic link is an interaction of different 


natural species in which one species feeds 
on another. 
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The detrimental impact of the radioisotopes is further compounded by the 
slow progress and very low amounts of their elimination beyond the limits of 
biogeocenoses. Practically all known radioisotopes entering the environment in 
chemically low concentrations are capable of being tightly absorbed by soils and, 
which is most important, accumulated in the biomass. Early observations on the ac- 
cumulation of radium by living organisms were made by Vernadskii back in the 
1920s [15]. Radioisotopes can build up in biomass concentrations that are tens, hun- 
dreds and even hundreds of thousands of times greater than their levels in the en- 
vironment, which essentially enhances the internal irradiation intensity for the ex- 
posed organisms [16]. Worse still, the radioisotopes stored in these organisms can be 
passed up the food chains, some of them gaining access into human body in 
increased concentrations with food. 

The above discussion makes it clear that a large-scale nuclear conflict would 
cause just as large-scale, if not global, adverse restructuring not only of individual 
biogeocenoses but of the biosphere in its entirety, thus threatening its very existence. 

Thanks to the millennia-long progress of human civilization, economy and 
technology, mankind for centuries has not been living in the primitive environment 
of Mother Nature. In our century man's industrial activity has begun to interfere 
especially perceptibly with the normal course of global processes. This motivated 
Vernadskii to submit, back in 1944, that mankind is converting the biosphere into 
the noosphere—the sphere of the mind [17]. Yet now, forty years later, faced with the 
growing threat of a nuclear conflict, mankind finds itself contemplating the choice 
whether to make the noosphere prosperous and worthy of the lofty name of Homo 
sapiens, the Wise Man, or let it be degraded into a dementosphere, the sphere of in- 
sanity, if not a necrosphere, the sphere of death. 

A global nuclear conflict would leave the now existing system for supply of 
human vital needs lying in shambles over vast territories. Its recovery would be 
anything but rapid because of serious simultaneous dislocations in the bio- and 
technosphere. Industrial enterprises would be ruined, the production and supply of 
food, clothing and other items vital for human beings would stop, and a huge mass 
of toxic products would be injected into the environment. These effects, immediate- 
ly following the blasts, would take long to clear away. Surface and ground water 
pollution and contamination of soil and ambient air would combine to push up 
general morbidity and mortality. 

Workers from the Kiev Research Institute of General and Communal 
Hygiene estimated that chronic exposure of human organism even to such ‘conven- 
tional' pollutants as sulfur dioxide, carbon monoxide and oxides of nitrogen, if pre- 
sent in five-fold higher concentrations than their ambient-air MACs, increases the 
incidence of chronic nonspecific pulmonary diseases and bronchial asthma [18] On 
the basis of known quantitative patterns it is possible to assess health parameters 
under the altered conditions of life. The calculations show that an increase of at- 
mospheric pollution by common combustion products by one order of magnitude 
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would induce a catastrophic rise in allergic conditions, disorders of the nervous 
system and organs of sense, and chronic lung diseases. © 

The long-term health effects of events like razing the dams of storage ponds 
that contain vast quantities of highly toxic industrial effluents are now difficult to 
evaluate. It is nonetheless clear that soils and water reservoirs would require decades 
for their ‘complete recovery’. 

In the extreme post-attack conditions the supply of freshwater for the 
population could come largely if not exclusively from ground water. However, the 
explosions would significantly modify natural hydrological conditions with the 
result that the toxicants contained in the storages of liquid effluents would find their 
way into water-bearing horizons (aquifers) and stay there for long. 

Therefore, even in the period when the air, soil and water concentrations of 
toxic chemicals decline to the levels causing no acute poisonings, the mere residence 
in the areas affected by the nuclear blasts would produce changes of health status. 

Health effects no less harmful than those outlined above would stem from 
the destruction of homes and public services. Survivors of the nuclear attack would 
find themselves with no shelter, freshwater, centralized sources of heat and lighting, 
liquid and solid waste treatment facilities, transport, and other amenities. The 
devastating consequences such as these are of course known from the experience of 
previous, conventional wars but on an immeasurably smaller scale. A relevant exam- 
ple is one of published health data on the Leningrad population in the years of the 
siege [19] which affected badly the health of all Leningraders, but much more so of 
women and children. In the example year of 1942 morbidity among workers shot up 
by 25 percent, and the mean length of sickness, a true index to its severity, morethan 
doubled, if compared to 1940. One has to bear in mind that the morbidity statistics 
of the day was not even remotely indicative of the actual predicament. The health of 
women was heavily compromised by amenorrhoea (from 64 to 95 percent) and 
perinatal morbidity with high mortality. Children were retarded in physical develop- 
ment and their morbidity increased, almost all of them suffering from alimentary 
dystrophy, metabolic disorders and severe dysfunction of the nervous and car- 
diovascular systems, gastrointestinal tract, and kidneys. 

Typhus, dysentery, cholera and plague epidemics have at all times been wars' 
ever-present companions. Yet particularly severe infectious diseases, including their 
extremely hazardous forms, would result after nuclear explosions, following the 
destruction of population aggregates and life-supporting resources, the absence of 
medical care and health services, the enormous debilitation of the protective poten- 
tial of the organism in those exposed to radiation, and numerous other aftermaths. 
Once there, the conditions for the origin and outbreaks of the epidemics would per- 
sist long after a nuclear war. At this timethe enormity of the epidemiological se- 
quelae from a nuclear war makes them difficult if not impossible to evaluate ona 
quantitative basis because no similar global catastrophes have previously occurred 
in the history of humanity. But neither their origin nor the vast scope are doubted 
anymore. 
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Over and above the mediated impact on people's health by modification of 
their habitat, the radioactive biospheric contamination would also exert direct 
pathogenic influence. 

The pioneer in radioactivity research, Henri Becquerel, was himself the first 
to fall victim toit, with severe radiation burns. Over the 80 or so years since, with the 
commencement of ‘atomic era’, scientific concepts were formed on radiation 
sickness, covering its pathogenesis, clinical course and complications. Clearly, with 
high-yield bombs detonated in large cities, some part of the population would be 
caught up in the zone with large enough radiation dosage for the unavoidable induc- 
tion of this severe and almost incurable condition. Even those contracting it in a 
relatively mild form would exhibit symptoms of premature senility, injuries of the 
immune system, haemopoiesis, and so forth. 

Delayed effects of radiation, from doses too small to cause radiation sick- 
ness, involve greater probability of developing malignancy. 

The induction of radiogenic malignant tumours was first recorded a short 10 
years after the discovery of X-rays. By now the quantitative patterns in radiogenic 
cancers have been well studied on experimental animals. The incidence of leukaemia 
and malignant tumours has been estimated as a dependence on the gamma- or 
neutron radiation dose received. Observations on Hiroshima and Nagasaki victims 
in late periods confirmed the analogy with experimental data. A rather long period 
of latency elapses between the causative radiation exposure and the time malignant 
neoplasms develop. 

Leukaemia appears before other radiation-induced malignant illnesses. In 
Hiroshima and Nagasaki, excess leukaemia among the children affected by radia- 
tion was identified already in 1950 and only later documented among the adults. It 
was not until 1978, more than 30 years after the bombings, that the incidence of 
leukaemia among the population of these cities was reported to decline to the initial 
(spontaneous) level. Throughout the follow-up period [20] leukaemic cases in the 
group of irradiated patients have been 3—4 times more numerous than could be ex- 
pected from watching the non-irradiated control; the figures for one million popula- 
tion are 64.0 and 14.2, respectively, in Hiroshima, and 20.0 and 7.1 in Nagasaki. 
Many forms of radiogenic leukaemia proved lethal. By 1978 the leukaemia mortality 
among the irradiated had been 95 percent up from the 1950 level in Hiroshima and 
Nagasaki. 

The induction of leukaemia is not the only radiogenic cancer risk. As long as 
there is protracted dysfunction of the endocrine glands, marked inhibition of 
cellular and humoral immunity, psychological stresses and other disturbances, they 
will, together with irradiation, not least by the radioisotopes accumulated in the 
body, remain significant high-risk factors of radiation-induced malignant 
neoplasms in the survivors of the nuclear explosions. 

Even though the oncological affections following the nuclear bombardments 
of the Japanese cities have not been fully analysed, their markedly greater frequen- 
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cies bave been documented for some cancers. Thus, the persons caught up within 

1.5 km from the hypocenter of the explosions in Hiroshima and Nagasaki developed 
cancers of the thyroid, lungs, and mammary gland several times more frequently. 
some cancer forms have been convincingly shown to be dose-dépendent. The in- 
cidence of lung cancer, for example, diagnosed postmortem in those exposed to the 
dose of 0.1 Gy was twice as high as in those receiving less than 0.1 Gy or in residents 
of other cities. Cancer of the thyroid among the people exposed to 0.5 Gy or more 
was induced nine times as frequently as in the control, but only 3 times as frequently 
in those who had received less than 0.01 Gy [21]. 

It seems practical to give cumulative estimates for the numbers of persons 
with malignant neoplasms following a major nuclear exchange. The estimates show 
that per one million population there would be 150 to 180 thousand cases of malig- 
nant neoplasms, 10 thousand of them radiogenic in origin(22]. On the average, these 
cases would represent an excess of 5 to 17 percent in the total mortality due to malig- 
nant neoplasms. ' 

The figures of the WHO International Committee of Experts (1983) indicate 
about 19 million additional cases of malignant neoplasms to be expected among 
nuclear war survivors, of which 12 million would occur to the population of the 
USA, Western Europe and USSR. 

Of all long-lasting effects of nuclear explosions, genetic consequences last 
the longest, if one may say so, by virtue of not being restricted to one generation. 
The pernicious impact of radiation on the progeny of exposed parents has been 
known for over 50 years. The notion about genetic effects of radiation is now 
generally accepted and the basic cytological and molecular mechanisms of the 
radiation damage and its repair are elucidated. As such, the effect of radiant ex- 
posure is fairly complex, involving gamma-, beta-, and neutron radiation, that is, 
different radiation types, as well as the primary radiation attributable to the nuclear 
blast itself and the later, secondary effects of local, tropospheric and global fallouts 
and food chains. In a word, this is not a short-term episode but rather a succession 
Of events extending to many decades beyond the actual period of warfare. 

This stigma of nuclear explosions would be passed down by one generation 
to the next manifested by the increased rate of unfavourable pregnancy terminations 
and the birth of children with congenital developmental abnormalities or hereditary 
diseases. 

The genetic effects of radiation due to nuclear explosions would become 
manifest in the human groups remaining or becoming fertile. The radiation dose 
received by these individuals is usually converted to the whole exposed population. 
In order to assess the injurious consequences from the population perspective, the 
dose should conveniently be expressed as the number of persons capable of 
childbirth times radiation dose. The product is then taken as the basis to calculate 
the aggregate population value, or the number of persons exposed to a radiation 
dose of 0.01 Gy. 
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Current estimates indicate that, given a major nuclear exchange of just over 
5,000 Mt per continent, the genetically significant dose for a population would be 
2.10? man/Gy immediately after the exchange and 2.105 man/Gy by way of subse- 
quent radioactive fallout. This implies that, on average, every surviving individual 
of the reproductive age would have received at least 1 Gy [23]. The appraisals by 
some authors of the dose to double the natural mutation frequency in man's germ 
cells, or the double genetic dose, place it in the range from 0.16 to 2.5 Gy [20]. It is 
readily apparent that genetic effects of irradiation would be rather difficult to assess 
for modest-sized populations. Following a comprehensive follow-up study on the 
progeny of the individuals who had witnessed the atomic bombings in Japan, it has 
been possible to estimate the ‘mean’ double dose for man, at 1.56 Gy [20]. The value 
for the double dose given by the UN Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR) is 1 Gy [24]. Whilst its magnitude is high enough per se, the 
very fact of having been able fo establish the double dose, not from the test data, but 
the direct data as a result of observation of the victims of the atomic explosions 
leaves no doubt about the radiation potential to affect human germ cells. 

Numerous experimental evidence leads to the conclusion about the potential 
of ionizing radiation for universal influence on the heredity of living organisms. The 
variations noted to date apply only to the quantitative parameters of the radiation 
damage to diverse organisms [24-26]. 

The frequency of mutations is dose-dependent. The current level of 
knowledge presumes no threshold-dose relationship for the effect of radiation on 
heredity. Consequently, from the genetic point of view, no-harm radiation doses are 
non-existent and any dose, however small, causes its proportional number of 
mutations. 

Genetic effect of ionizing radiations depends on the nature of the responsible 
radiant exposure and the type of radiation involved. Acute radiation is 3—5 times 
more effective than chronic radiation and neutron radiation appears five times, and 
for some groups of neutrons up to 20 times, more influential than gamma radiation 
in terms of either genetic or relative biological impact. Because of that, particularly 
grave biological consequences should be expected from neutron bombs. 

Genetic alterations are induced by irradiation both in the germ and also in 
somatic cells. Though the former are less radiosensitive than the latter the no- 
threshold principle for the effects of radiation applies in full measure to the induc- 
tion of gene mutations in germ cells—the latest type of its consequences. Hence it is 
evident that any radiation dose is harmful to man, because any amount of energy 
quanta increases the quantity of mutations, known to always affect adversely an 
organism so well-adapted, philo- and ontogenetically, as that of man. Known 
reports of radiation producing arguably no effect on heredity in humans are to be at- 
tributed, not to the absence of these effects, but to inadequacy of the methods used 
to evaluate the frequencies of heredity-controlled characteristics. 
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The following data are also worth quoting in this-context. According to the 
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Ambio scenario [3], within the 25 post-war years every European would receive a 
dose of about 1 Gy; the likely genetic consequences are summarized in Table 2 using 


the risk factors suggested by the UNSCEAR [24]. " 
In conclusion, i - i 
l It must be empha- Table 2 Probable genetic consequences 
sizedthatthoughat presentnotallthecon- i 
m of exposure to I Gy dose, (per I million 
sequences of the radiation damage to . , 
, live births) 
human heredity can be estimated yet, 
those we do know are enough to reach _ ACE. 
quite definitive, and appalling conclu- ide elt lS ae E 
i . . -. Category Incidence generation tn equilibrium 
sions. No matter which particular genetic — c 
effects due to possibl f nuclear Sutosomal 
e to possible use O nuclear dominant 
weapons are discussed, invariably they and X-linked 10,000 2,000 10,000 
hold out extremely serious risks for the Recessive 1,100 slight very slow 
affected generation, but also forthemany Chromosomal 4,000 3,800 4,000 
generations to follow. Tothisonecanadd Congenital 
the genetic impacts of the modified eco- abnormalities 
logical environment, brought about by expressed in 
b bi M ld h t later life, 
nuclear bombings. Man wou ave tO constitutional 
adapt to new species of IncroorganismsS and degenerative 
and altered plant and animal species. The disease 90,000 500 4,500 
equilibrium evolved in millenia would Total 105,100 6,300 18,500 
thus be upset and heredity would manifest Percentage of 
itself in unconventional and unexpected current 
incidence 6% 17% 


ways inthat new environment. It would be 


virtually certain to produce pathological responses to environmental factors and 


provide a source of new variant diseases. 


The use of nuclear weapons would drastically cut down the world popula- 


tion, setting the stage for the emergence of marriage isolates, followed unavoidably 
by increased rates of consanguineous, sibling marriages. The genetic consequences 
of both would show up in a greater incidence of recessive diseases, e.g. gargoylism, 
xeroderma pigmentosum, thalassaemia and hundreds of other grave ilInesses. 

The discussion above examined in general terms only the principal categories 
of long-term biological and medical consequences of nuclear explosions— 
ecological, pathological, and genetic. The figures presented set down what seems 
now to be the baseline estimate of probable effects. In reality, these effects would be 
more severe, while other consequences of the nuclear radiant exposure, such as 
cataract, premature ageing, immunological deficiency, teratogenesis, and psychic 
disorders, do not lend themselves as yet to even rough estimation. 

Therefore, whatever late effects of a nuclear war we look to, they would create 
conditions for the nuclear war survivors that would tax hardest man's endurance 
questioning his continued existence as a biological species. 
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Climatic and geophysical consequences of nuclear explosions comprising the 
concept of a ‘nuclear winter’ would aggravate to an unpredictable degree any of the 
medical and ecological effects enumerated above. The general regularities which 
have been studied of the effect of radiation on living systems would be the same 
under any conditions. 

Reckoning on some renewal of the human race or a new spiral of evolution 
would be naive at best. Man would enter the post-nuclear era with the same 
biological characteristics that have always been his, except having them compromis- 
ed by hereditary defects and psychosomatic diseases. To worsen his plight, the en- 
vironment to which he would have to adapt himself would be the most hostile of any 
in the epochs hitherto known to us. The fraction of humankind that would 
somehow manage to survive would find itself no longer protected by technology, 
reduced to wreckage and rubble by the nuclear holocaust. Even now mankind en- 
counters global problems in the supply of food, freshwater, clean air, and 
technological means of livelihood, straining to the limit of its capacities to control 
and manage them. The hardships born of the nuclear war would most probably be 
unmanageable. 


Soviet medical scientists and physicians spearhead the vigorous agitations 
for peace, prevention of nuclear war and czssation of the arms race. In June 198], 
the Soviet Physicians for the Prevention of Nuclear War Committee was formed 
under the Presidium of the USSR Academy of Medical Sciences, its membership 
composed of scientists from different medical fields. They are now undertaking on a 
broad scale to keep the Soviet and international public thoroughly informed about 
the medical consequences of a nuclear war. In December 1982 the Physicians for the 
Prevention of Nuclear War held a national convention under the same title. 

Compelling support for the ideas espoused by theinternational movement of 
physicians for the prevention of nuclear war came from the World Health Assembly 
of May 1983. In aspecial resolution the Assembly called on all states to give special 
attention to the report of the WHO Committee of Experts in Medical Science and 
Public Health, ‘On the Consequences of a Nuclear War’. The resolution brings into 
focus the special commitment of the health-related community in averting nuclear 
wal. 

The international congresses and national conferences of physicians for the 
prevention of nuclear war stressed with good reason the vast resources for improve- 
ment of public health that are now not used being wastefully expended on the conti- 
nuance of the arms race. Inadequate resource investment in public health is respon- 
sible for many of yet-unresolved problems in that area. One third of the globe’s 
population, or 1.5 billion people, are devoid of primary medical care, one half is 
undernourished, 30—40 million are every year starved to death and 300 million suffer 
from various crippling diseases. Humanity experiences serious shortages of good 
potable water and needs as badly as ever that the existing systems of hygienic 
facilities be improved and expanded, and new waste treatment systems installed to 
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control air and water pollution. Many of these and other medical problems could be 
managed effectively, should the armaments spending, at least in part, be reassigned 
to public health care and organization of sanitary and hygienic services. 

The physicians’ clear-cut professional stand on matters of preventing the 
worst of the epidemics—people dying en masse from nuclear explosions—meets the 
understanding and support of all those who appreciate the value of peace. At their 
First International Congress in 1981 the physicians proclaimed, ‘Wars begin in the 
mind but the mind is also capable of preventing war’. To never let the black nuclear 
cloud obscure the sun is the goal of the progressive scientists world-wide and the in- 
ternational physicians’ movement for the prevention of nuclear war among them. 

The great Russian writer Leo Tolstoi wrote in his novel War and Peace, ‘All 
ideas of great consequence—are always simple. The whole idea of mine is that so 
long as the vicious people are connected among themselves, the honest people have 
to do the same. Just so simple?* 

Physicians, as also other scientists in all countries, can significantly increase 
their vigor in preventing nuclear war and achieving peace and disarmament. The 
more authoritative and resounding is the plea of the medical professions, the more 
informed and purpose-conscious will be the commitment and agitation of all honest 
people to safeguard peace on the Earth. 
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| The previous discussion centered on the greatly increased threat of a nuclear 


war, which, if unleashed, would bring total catastrophe to humanity and 
civilization. 


_ Disregarding the fate of millions of people and the irreparable damage that a 


nuclear conflict would bring down on every nation and country, the leaders 
of some Western countries, most notably the US, are trying to persuade the 
governments and peoples of Asia, Africa, and Latin America that a war 
fought with nuclear weapons is feasible and admissible. 

Relying on presumed incompetence of the general public in these states, they 
are feeding it with all sorts of concepts such as ‘limited’ nuclear war, ‘selec- 
tive’ and ‘counterforce’ nuclear strikes, and so forth. They deliberately ignore 
the reality of the nuclear age, that a nuclear war would be absolutely uncon- 
trollable and uncontainable. Once let loose, it would take on a global scope 
and afflict every nation, large or small, geographic position notwithstanding. 
A nuclear war starting in Europe between the countries of the two largest 
military and political alliances, i.e. NATO and the Warsaw Treaty Organiza- 
tion, would escalate into a global exchange. Given this, developing countries 
and their peoples could not have their own, ‘exclusive’ fate. However this is 
what the forces that have embarked on full-scale preparations for a global 
armed conflict, are trying to prove to them, Le., that both politically and 
militarily the developing countries could stay out of the ‘conflict zone’. 
Political leaders in some developing countries consider that a conflict be- 
tween the two major blocks would be merely a series of exchanges of ‘selec- 


tive’ and ‘dosed’ strikes, and that a nuclear war would be ‘limited’ and conducted 
much like a game of chess. Their hopes are naive. It must be no secret to them that 
Soviet military strategy considers a ‘limited’ nuclear war impossible on the grounds 
that no one would be able to contain it within any premeditated limit. The objects of 
retaliation to any nuclear strike could not only be the targets of the ‘limited’ theatre 


of war, 


but also every military base, every mobile formation, and every military in- 


frastructure facility the US, the other NATO countries, and their allies have scattered 
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in such abundance all over the globe. It must be added that even Pentagon 
documents and directives from official US political agencies take it as established 
that any ‘limited’ or ‘prolonged’ nuclear war, either in or out of the NATO-Warsaw 
Treaty Organization confrontation zone, would extend far beyond the confines of 
the engagement. 

In June of 1982 the Soviet Union took a unilateral obligation not to bethe 
first to use nuclear weapons, and this is now the cornerstone of the Soviet Union's 
foreign and military policy. 

Inthe developing countries, influenced by the bourgeois mass media the con- 
cept of a "limited nuclear war' is frequently tied in with speculations about a *win- 
ner’. The Soviet government and its political leadership has, with the backing of 
scientific proof, stated time and again that there can be no winners in a nuclear war 
between the USSR and USA or between NATO and the Warsaw Treaty Organization 
and that a new world war, if the aggressive forces of imperialism somehow manage 
to unleash it, would be a conclusive head-on collision between the two opposing 
systems. Encompassing every continent of the world, it would be fought by coali- 
tions of armed forces, each requiring a decisive result, and each using every available 
means of armed warfare. Hundreds of millions of people would be caught up in this 
whirlwind. The ferocity and scale of the probable destruction would bear no com- 
parison to any war in the past. For such is the character of modern weaponry that, 
once put to use, it would jeopardize the future of all mankind. 

International public concern, which has strengthened of late, is reflected in 
the rise of large antiwar movements all over the world, and in the stance of many 
public figures and statesmen. Representatives of the developing countries have also 
not stood by. Over two thirds of the UN membership voted for the 1981 Declaration 
on the prevention of a nuclear holocaust and supported the Declaration on the con- 
demnation of nuclear war at the 38th General Assembly. The aim of this resolution 
is to outlaw the formulation, proposition, dissemination or propaganda of any 
political or military doctrine that legitimizes the first use of nuclear weapons or 
justifies any ‘admissible’ unleashing of a nuclear war. By backing the initiatives of 
the socialist countries, the developing countries in the UN are contributing 
significantly to an international moral and political climate that can effectively scale 
down the danger of a nuclear war. 

These UN decisions are consonant with the sentiments of broad sections of 
the internátional community, especially men of science. One proof of this came in 
the Declaration signed in September 1982 in the Vatican by representatives of 36 
academies of sciences. Having stated that nuclear weapons can be instruments of 
neither politics nor war, they went on to conclude that any use of nuclear weapons, 
in whatever form, would constitute a grave crime against humanity; nuclear powers 
must disavow the first use of nuclear weapons; the only sensible course is to com- 
pletely eliminate nuclear weapons, however difficult that might be, i.e. nuclear 
disarmament. 
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Meanwhile those averse to tne existence of mankind go beyond the theories 
legitimizing nuclear war. They are quite energetic in creating material prerequisites 
for a nuclear conflict, involving the developing countries in the | process. 

The NATO powers, especially the US, have stepped up their rate of stockpiling 
deadly, primarily nuclear, armaments and are developing new weapons with still 
greater destructive potential. The allocations for these programs run into billions of 
dollars. In the US alone, military programs call for design and development of an en- 
tire series of new weapons from the strategic nuclear MX and Midgetman missile 
systems to the B-1 and Stealth bombers. At the same time plans are being hatched to 
adapt space technology to the requirements of a nuclear war. 

Nuclear weapons are stocked not only in Europe, they are now being shipped 
in increasing numbers to the Mediterranean, Pacific, and Indian Oceans. Numerous 
US bases, where these weapons are being stockpiled, are under construction in these 
areas. f 

This course of action, together with the war-mongering rhetoric of some US 
government officials on the legitimacy of using nuclear weapons, is creating 
justifiable concern in the developing countries. It is raising the apprehension that 
these military preparations might, in fact, provoke a nuclear conflict which would 
have catastrophic consequences for every country, no matter how developed it is or 
how distant from where the nuclear weapons are used. 

Against this background, the developing countries are expected not only to 
express concern but to protest strongly to the continuous drive by the forces hostile 
to the cause of peace to expand the geography of nuclear weapons deployment. This 
protest resounds in the words of the Prime Minister of Thailand, Prem Tinsulanon 
who has noted a growing awareness in South-East Asian states of the increasing 
threat of a nuclear war caused by the continuing deployment of US missiles in 
Western Europe. Thailand would join other developing countries in the effort to 
avert the menace of nuclear war hanging over the worid. The nations of the world, 
said the Prime Minister, cannot afford to be bystanders in the effort to prevent a 
nuclear war, which would now result in a global catastrophe[1]. 

The sentiment of the developing countries and their peoples in view of the 
escalating nuclear threat was summed up by the late Prime Minister of India, Mrs. 
Indira Gandhi. Speaking before the 38th UN General Assembly, she emphasized 
that scientists, scholars, and some notable soldiers had vividly described the out- 
come of a nuclear war. ‘Imagine a hundred or a thousand Hiroshimas at one time. 
Imagine a world with nowhere to hide and perhaps nobody left to hide’ [2]. Mrs. 
Gandhi assessed that deployment by the United States and its NATO allies of the 
Pershing-Il and cruise missiles in Western Europe served to sharply increase tension. 
With reference to the role the non-aligned countries are to play in achieving peace 
and disarmament, she alluded to their proposal for holding an international conven- 
tion on banning the use or threat of use of nuclear weapons[3]. 
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That a nuclear exchange threatens the peoples of every nation without excep- 
tion clearly follows from the research of the scientists cited in previous chapters. The 
prospects as defined by such authoritative international organizations as the In- 
dependent Committee on Disarmament and Security, 36th World Health Assembly, 
International Physicians for the Prevention of Nuclear War, and many scientists 
from the USA, Sweden, Australia and several other countries are no less worrisome. 
They are unanimous in the belief that the effects of nuclear explosions threaten 
mankind with total destruction. 

However many people in developing countries, some of the well-educated 
and enlightened, underestimate the wide-scale devastating consequences a war in- 
volving nuclear weapons would have on their countries. Some self-styled prophets 
from countries in the Southern Hemispliere can still be heard to assert that a nuclear 
exchange would be su rvivable if its hypocenter were in the Northern Hemisphere, 
and laboring under the illusion that they could take refuge from a nuclear battle and 
remain unseared by its flames. 

In a sense, their misperceptions have grown out of a gap in Western thinking 
about the problems associated with a nuclear war. On the one hand, the destructive 
impact of a nuclear blast on the immediate environment seems to have been well 
studied. The aftermath of a nuclear encounter for the local areas of the hostilities 
has been dramatized chiefly through the efforts of physicians. Until recently, 
however, there has been a glimpse of hope that somehow somewhere there might be 
sanctuaries on the Earth that would be spared from theimpact of a nuclear war. 

This has motivated research in several countries showing other consequences 
a nuclear exchange would have on every region of the Earth, including Latin 
America, Africa, South Asia, Australia and Oceania. The conclusions follow from 
decades of gathering data on the factors influencing the Earth's climate and from 
the evolution of mathematical simulation techniques to analyze involved climatic 
perturbations and the impact of changes in the Earth's thermodynamic regime. An 
informed and persuasive coverage of these aspects is given in the preceding chapters 
of this volume. 

Soviet scientists have made a further step forward. Based on objective scien- 
tific data, they have come to some clear conclusions concerning the social and 
economic effects of a nuclear catastrophe on regions very far away from the area of 
warfare. They considered the dire risk for developing countries to become involved 
in the military infrastructure of imperialism and the potential of the arms race in the 
Third World not just to wreak havoc to its social and economic development, but to 
become a trigger of a global encounter. 

The Soviet Union never views the problem of its security separately from the 
analogous problems of other nations, the developing countries included. This view 
has underlain the Soviet Union's staunch advocacy of the creation of reliable 
guarantees— material, political, legal, moral, and psychological— against a nuclear 
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war. The USSR is doing all it can to avert the threat of war from the developing coun- 
tries and it has followed this course without fail both in its initiatives and in interna- 
tional negotiations and forums. Seen in this light the Soviet Union's unilateral com- 
mitment against the first use of nuclear weapons is important for developing coun- 
tries, too. Its proposals for limitation and reduction of strategic weapons and for 
limitation of nuclear arms in Europe are equally essential. But to keep mankind 
from drifting into a nuclear catastrophe is the duty of the governments and peoples 
of every country and continent. It is appropriate to recall in this context the view ex- 
pressed by the Secretary General of the United Nations, the most representative of 
international organizations, that averting the threat of a new war must be placed 
above differences in the interests and ideologies which divide the members of the 
UN. 

A nuclear freeze, for which the UN General Assembly's resolutions appeal, 
would be a start to curbing the nuclear arms race. A cessation of the nuclear 
buildup, which is ürged by scientists and public opinion in many countries, the 
developing countries included, is another course which will be as effective as it is 
easy to implement. The present strategic military balance between the USSR and 
USA is auspicious for both a freeze and a ‘build down’. By engaging in the process 
bilaterally, the two powers would set a good example to the other nuclear states. 
Given proper national verification, they could follow suit and freeze their nuclear 
armaments, quantitatively and qualitatively. Faced with a nuclear threat closing in 
on them, the developing countries should spare no effort to encourage the nuclear 
powers to put this idea into practice. 

Nuclear disarmament could likewise progress by implementing other UN 
decisions, notably the resolutions on total and complete nuclear test bans, and on 
establishing nuclear-free zones in various regions of the world. 

The Soviet Union has consistently favored measures to provide a healthful 
international situation and avert a nuclear catastrophe. This approach was clearly 
formulated in its comprehensive proposal for a code of conduct to govern the rela- 
tions among the nuclear states. The Soviet scientific community firmly supports this 
initiative, which has been called a code of peace. It requests all states: 

— To consider the prevention of a nuclear war to be their prime foreign policy 
goal and to avoid situations which have the potential for a nuclear conflict. If 
such a danger does arise prompt consultations should be started in order to 
keep a nuclear conflagration from flaring up. 

— To denounce the propaganda of nuclear war, whether global or limited or in 
any form. 

— To undertake not to be the first to use nuclear weapons. 

— Under nocircumstances to use nuclear weapons against non-nuclear coun- 
tries which have no such weapons deployed on their territory. To respect the 
status of nuclear-free zones already established and to encourage new 
nuclear-free zones to be established elsewhere. 
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— To restrain any proliferation of nuclear weapons; to refrain from transferring 
the weapons or control over them to anyone whomsoever, and not deploy 
them in countries where none already exist, and finally to avoid the extension 
of the nuclear arms race to other spheres including outer space. 

— Basing on the principle of equal security, to achieve a step-by-step reduction 
of nuclear armaments to the point where they are completely liquidated in 
every modification. 

An East-West nuclear exchange, if it broke out, would inevitably engulf the 
whole world, the developing countries as well as the advanced. Any hope that things 
might go on as before in some corner of the Earth remote from the focus of the 
nuclear upheaval is futile. 


Effects of a nuclear holocaust 
on socio-economic systems of developing countries 

The evidence given in the preceding chapters demostrates that a nuclear ex- 
change in the Northern Hemisphere would have an unavoidable global aftermath 
making the continued existence of mankind impossible anywhere. It is also very im- 
probable that a nuclear exchange would be confined exclusively to the vicinity of the 
industrialized states. Current developments indicate that a nuclear disaster would be 
carried into the territories of the developing countries in Asia, Africa, and Latin 
America. These developments include the preparations being made by aggressive 
forces for the armed seizure of the Middle East oilfields, the nuclear missile deploy- 
ment in the south of Western Europe, the establishment of military bases for the 
Rapid Deployment Forces in North Africa and the Indian Ocean, and the spiralling 
tensions in the South Atlantic and Caribbean. 

These ominous moves are discounted by some theorists who believe that 
developing countries might find a way to survive a nuclear war. They lean on the 
misconception that the location of the developing countries far from the central area 
of hostilities would spare them from the major ecological damage and even from ap- 
preciable economic losses. To support this view they habitually invoke the com- 
paratively low development level and relative simplicity of socio-economic systems 
in the developing countries. Thus they claim the systems would somehow carry on 
even after a global nuclear catastrophe. 

For an ‘analog of survival’, these theorists sometimes turn to the experience 
of World War H. While of course it can have no analogy to the projected global 
doom, we shall briefly dwell onthe topic. To begin with, we should recall that social 
and economic aftermath of World War II for the then colonial and dependent na- 
tions was different. Some regions of North Africa and South-East Asia were bat- 
tlefields and so paid a heavy toil in dead and wounded, compounded by immense 
damage to property. Africans and Asians fought in hundreds of thousands in the ar- 
mies of their metropoles, and many lost their lives or health on the battlefields of 
Western Europe and the Far East. The exploitation of the colonies tightened as their 
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indigenous populations were drafted for other work duties and surcharged with 
taxes and requisitions. Some economic sectors, formerly a source of livelihood for 
millions of people, lapsed into decay, for example the tin minin g and natural rubber 
industries of South-East Asia or cotton growing in Egypt. A 

Thus, even a ‘conventional’ war had very adverse socio-economic conse- 
quences for many countries (the former colonies) in Asia and Africa. Today, 
however, we live in a nuclear age and this casts quite another perspective: a nuclear 
holocaust would be disastrous to countries far removed from the probable theatre of 
wal. 

Nevertheless we shall try to estimate what would happen to the economies of 
developing countries in case a part of their population would survive a nuclear ex- 
change. (This can only be projected if the combatant powers employ only a small 
fraction of their stockpiles in the nuclear exchange.) 

As was shown in the previous chapters, the climate and weather in both the 
Northern and Southern Hemispheres would be severely disturbed. Atmospheric 
contamination, zero and subzero temperatures, and more intense ultraviolet radia- 
tion would be virtually certain to destroy food and cash crops, domestic live- and 
food stocks. 

Another side-effect would be the disruption of the existing ties in the world 
economy, a point we shall now try to explain. 

The developing countries today are integral components of the world's 
economic system. Their fate is therefore the same as that of the system. Contrary to 
the view held in some quarters, all developing countries are much more dependent 
on global socio-economic factors than are the advanced countries, though each 
demonstrates its own form of dependence. 

Unlike the developed countries, most developing countries, despite their low 
standards of living, consume much more than they produce, drawing a large share of 
their subsistence from the world economy. Researchers at the Institute for African 
Studies of the USSR Academy of Sciences estimate that in the countries of Tropical 
Africa basic needs are 1.5 times greater than the existing potential for their satisfac- 
tion. In theearly 1980s the developing countries received over 35 billion US dollars' 
worth in technical and food aid. 

Each developing economy operates today as a subsystem of the world 
economy and plays a role in the international division of labor which is 
discriminative in relations with capitalist states. Many of developing countries have 
either none or poorly developed food and consumer goods industries. As a result, 
they find they cannot solve their economic problems, notably to sustain adequate 
food supplies, without extensive food and consumer imports. In the decade of 
1970—80 these imports (services included) constituted 25 to 35 percent of their GDPs. 
Soviet economists consider that the importance of external economic ties for 
developing countries will grow in the years to come. 
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The developing countries take part in the capitalist international division of 
labor largely as suppliers of fossil fuels, raw materials, and ‘non-staple’ foods like 
tea, coffee, and cocoa. At the same time, they are compelled to import machinery 
and many vitally needed foods, primarily grain, meat, and dairy products. This puts 
them in a situation summed up by African politicians and economists in the phrase, 
'Africa produces what she doesn't consume and consumes what she doesn't 
produce’. 

It is quite clear that whatever economic potential, if at all, the industrialized 
countries might still retain after a ‘limited’ nuclear conflict, they would not be able 
to supply the developing countries with the millions of tons of food required to sup- 
port the survived part of their populations. 

Thus, the first consequence of a ‘limited’ nuclear war would be mass famine 
in the developing countries affecting first, and worst, the urban population and 
those areas that are now living predominantly on food imports. 

A second consequence would be the cessation of all imports of machinery. 
Industry and transport would cease and with it the process of production. Urban 
dwellers (should any survive) would rush en masse to the rural areas, thus disrupting 
the social and government mechanisms that have taken long post-independence 
years to put together. 

Something else requires consideration. Developing countries would be in no 
position to aid one another. Economic cooperation among them even now does not 
really exist, Africa's inter-regional] trade barely accounting today for 4 percent of the 
total. 

If the population of a developing country far from the battlefields could re- 
main unscathed by the direct impact of the nuclear bursts, their global consequences 
would in some way or another eliminate all the existing socio-economic structures 
and destroy every artificial human habitat. 

It is hard to predict exactly how the economy would collapse in a developing 
country. One certainty, however, is that aside from the cutoff of external economic 
ties panic and disorganization in urban centers would not be the last factor. From 
being centers of civilization and culture, cities would be downgraded into foci of 
starvation, epidemic, chaos, plunder, and unrest. The anarchy would soon spill over 
from the urban to rural areas. Urban dwellers, hungry and uncontrollable, would 
flood the countryside in search of subsistence. The invasion would paralyze any rem- 
nant of agricultural production. 

The discussion below will concentrate on the African continent to review a 
likely scenario for the course of events in the Third World countries after the col- 
lapse of the global economy that would follow unavoidably a nuclear exchange. 

To construct this horrific model, we shall proceed from the virtually impos- 
sible assumption that no nuclear devices would be detonated directly above an 
African country. (There is no guarantee, nevertheless, that the US would not in fact 
use its bases at Diego Garcia and in North-East and East Africa, nor its carrier bat- 
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tle groups in the Mediterranean and the Indian Ocean, as nuclear forces and laun- 
chers of missiles with nuclear warheads.) Even this seemingly ‘favourable’ course of 
events would not spare Africa's population from near-annihilation. 

The 180 million or so Africans who now populate the urban centers would 
immediately and inescapably fall victim to famine. Both imported and domestic 
supplies of foodstuffs into the urban centers would cease. A frica’s archaic 
agriculture, being mostly subsistent and semisubsistent, is incapable of sustained 
food deliveries to the cities in critical situations. Thus the destruction of the in- 
dustrialized economies would leave African cities without their foremost source of 
food. 

However another, and perhaps even more dangerous, result of the collapse of 
the global economy would be the pervading panic and total disintegration of every 
established mainstay of authority. Driven by mortal fear, unmanageable people 
would take to robbing food stores and one another. The stocks of foodstuffs would 
be rapidly exhausted to bring on formidable starvation with attendant epidemics, 
wholesale human mortality. 

The first to be hit by famine would most likely be the urban population of 
North Africa whose food balance requires annually millions of tons of grain im- 
ports. Nuclear strikes would paralyse both the countries exporting grain to Africa 
and every route of transportation by which world trade is transacted. 

North Africa's urban population accounts for more than half of these coun- 
tries' total and for up to 80 percent in Libya. The disruption of imports would spell 
an agonizing death from starvation for all of them. 

The African countries south of the Sahara imported millions of tons of grain 
annually in the early 1980s to feed their urban populations. Impressive as these grain 
shipments appear, most of the urban demand for foodstuffs in these countries is met 
from domestic supplies. Even so it is hardly probable that African cities less depen- 
dent on food imports could survive on domestic inputs alone. For one thing, the fuel 
deficit would immobilize transport and paralyze the infrastructure, rendering cen- 
tral government incapable of further management. For another, rural areas would 
immediately refuse to give up their food stocks to the cities, realizing that next year's 
harvest might never come. Thirdly, there would be no money to pay for the food 
shipments to the cities because the money economy would be shattered. Production 
would stop both at factories running on imported raw and primary materials, and at 
those exporting their output to the extinct world market. 

Let us note in passing that coffee (US$2.8 billion in export revenues in 1980), 
cocoa (US$2 billion), cotton (US$1 billion) and many other traditional items of 
African export would become irrelevant, thus depriving the producer countries of 
their export incomes. 

This reasoning makes possible to project for the African cities tens of 
millions fatalities in Nigeria, millions in Zaire and Ghana, and dozens of millions in 
other African countries. The fate of the 300 million rural Africans would not be any 
better. In the previous chapters meteorologists, ecologists and biologists have all in- 
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dicated that all normal agricultural practices would be severely disrupted 
throughout Africa. They would succumb to the onslaught of adverse atmospheric 
conditions, climate and weather perturbations, and the cessation of imports of 
pesticides, insecticides, and other agricultural chemicals. Science cannot today 
assess all the pernicious effects of a nuclear war on tropical ecosystems, but those ef- 
fects that can be appreciated are sufficient to enable us to predict that tropical farm- 
ing would be totally destroyed. 

The fate of people who would have to feed on irradiated fruit and plant pro- 
ducts would be horrible. They would be certain to develop severe injuries to the 
gastrointestinal tract. This formidable human agony would be supplemented with 
huge number of fatalities due to bacterial infection, because irradiated crops lose 
much of their potential for immune defences. Scientists also warn that every possi- 
ble type of induced radiation causes different forms of cancer, most of them being 
directly dependent on the radiation dose received, e.g. cancers of the blood, lungs, 
and thyroid. 

To make things worse, health care system in most developing countries, 
which cannot meet the needs for medical care in peacetime, would not withstand the 
extra pressure. This would be a cause for moral and physical degradation among the 
fraction of society surviving the holocaust, for they would be reduced to a huge 
population of invalids, sick, injured, and incapacitated. 

The loss of healthy heredity, as a result of irradiation, would be another con- 
sequence of a global nuclear exchange. The peoples of Africa or any other continent 
would not have much chance to escape this most baneful scourge, the inability to 
pass on their existence to their progeny. 

To recapitulate, the social and economic existence of both town and coun- 
tryside in the developing countries would be left in shambles following a nuclear ex- 
change. This means the end of the whole man-made system of life-support, which is 
estimated currently to provide sustenance for two thirds of the population of the 
developing countries. 

In other words, a nuclear war would inflict death from starvation, disease 
and violence on two thirds of the people in the developing countries—roughly the 
equivalent of the increase in these countries’ total population due to the creation of 
artificial human habitats during the 20th century. A sheer stroke of luck might leave 
a few islands of family economies alive in inaccessible localities but they, too, would 
be destined for extinction. These estimates are supported by specialists in the West. 
Many of them put the death toll of a nuclear exchange at 750 million in the 
developed states and one to three billion in the developing countries. 

A nuclear war would be murderous not only to the population of the com- 
batant nations, but humanity as a whole. It would deal an equal measure of destruc- 
tion to the inhabitants of every country in the world, not least those in the develop- 
ing countries, apparently remote from the theatre of war. Human life would be ex- 
tinguished everywhere, no matter what the exact cause—either instant obliteration 
in the blasts, or their long-term pernicious consequences. 
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US and NATO military infrastructure in the developing countries: 
A threat to their existence 

Marx said long ago that of all self-righteous political tenets, none was to 
blame for so many woes as the tenet, ‘Si vis pacem, para bellum’. In our davs im- 
perialism acts on it to promote its ends and, moreover, to force a strategy based on it 
upon developing countries in the attempt to pull some of them into its global 
militarization drive. It is noteworthy in this context that after the mid-1970s the 
"basic strategy' of the US has been substantially revised to suit the new concept of 
'strategic flexibility". A direct result of the global spread of US expansionism and its 
worldwide military and political ambitions, the concept is believed in the Pentagon 
to provide the US with an improved strategic posture in certain regions and a 
capability for a ‘rapid response’ to rises in tension in trouble spots around the globe. 

For the time being, the concept requires the siting of most of the Rapid 
Deployment Forces (RDF) within the United States. However, the US has activated 
and expanded its system of bases and ‘strongholds’ abroad in order to bring the RDF 
closer to projected theatres of operation. 

An additional impetus to the process came when the Reagan Administration 
pushed up the outlays for military bases. Washington plans to invest $30 billion in 
broadening and strengthening the US Armed Forces based in other countries. Two of 
the thirty billion are intended solely to initiate and build a ‘stronghold’ structure in 
South West Asia and the Indian Ocean [5]. 

The United States at present operates over 1,500 bases and facilities in 32 
states on all continents, with over half a million US servicemen stationed per- 
manently [6]. In 1982 alone the total number of personnel increased by nearly 6 
percent. 

US naval armadas now plow the Atlantic, Pacific, and Indian Oceans, the 
Mediterranean, the Persian Gulf, and the Strait of Hormuz. Twelve thousand 
nuclear weapons are deployed outside US territory. Estimates by the London In- 
stitute for Strategic Studies indicate that the Pentagon maintains outside the US a 
third of its combat-ready army and marine divisions, a third of the US Air Force and 
operational naval fleets and formations, including most of their nuclear-powered 
ballistic missile submarines. 

Operational US fleets maintain a continuous presence in the Atlantic and 
Mediterranean and consist of 170 warships (including 6 attack carriers), up to 50 
nuclear-powered submarines and over 800 combat aircraft. In the Pacific and Indian 
Oceans operate 160 combatant ships including 6 attack aircraft carriers, up to 40 
nuclear-powered submarines and about 1,000 aircraft. A measure of its power can be 
derived from the data that the nuclear-powered aircraft carrier Enterprise has on 
board 40 nuclear capable aircraft, while a Lafayette class submarine carries 16 
missile launchers, and an Ohio class submarine has 24 launchers for Trident missiles; 
which are more accurate and have greater yield [7]. 
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To this must be added the RDF. Their purpose is to carry out military opera- 
tions in regions far from the US mainland which the US in violation of the interna- 
tional law claims to be zones of its ‘vital interest’. 

The RDF is equipped for both conventional and nuclear war. The US Navy 
battle groups supporting the RDF have dozens of nuclear capable aircraft. The RDF 
also have B-52 strategic bombers assigned to them. The US marines, a key compo- 
nent of US armed forces, are currently acquiring aircraft capable of carrying nuclear 
bombs. All 105-mm guns are being replaced by 155-mm guns which can fire nuclear 
munitions and the marines are also receiving howitzers that can fire neutron shells. 
Furthermore, the new US Army Field Manual refers to the first use of nuclear muni- 
tions on the battlefield (gj. According to D. Middleton, a writer on military affairs 
for The New York Times, these provisions were addressed specifically to warfare in 
the Persian Gulf area and the Middle East—the two most likely regions where the 
RDF would be employed. This was confirmed by J. Anderson, a syndicated colum- 
nist, who disclosed in The Washington Post in September 1980 the existence of a 
Presidential Memorandum No. 51 with its outline of a new US nuclear policy for the 
Middle East, and with secret orders to the Pentagon to get ready for the possible use 
of nuclear weapons there [9]. 

Since 1983 the RDF has been integrated into the newly established US Central 
Command (CENTCOM), whose area of responsibility encompasses 19 states in 
South-West Asia, North-East Africa and the north-western segment of the Indian 
Ocean. It was announced that the RDF would be markedly increased from its present 
strength of 200 thousand regulars and 100 thousand reservists, over 700 aircraft and 
20-30 warships [10]. 

A key goal of the Pentagon's military policy is ‘maximum security’. In plain 
language this comes down to the desire to avoid any retaliatory strike to its own ter- 
ritory should aggression be unleashed by the militarists—that is, to take war to other 
regions, among them the developing countries. Every US move in these countries, 
whether it is building bases and facilities, or deploying missile launchers and cruise 
missiles, or siting airfields and naval stations, or designating patrol areas for aircraft 
carriers and nuclear submarines, or locating munitions depots in case of combat 
operations, seek, firstly, to bring their ‘strike capability’ as near as possible to the 
Soviet Union and other socialist countries. But secondly, and critically for the 
developing countries, these moves are done to invite the first retaliatory strikes on 
these forward installations. Through this strategy, the US intends to make its in- 
stallations in North and North-East Africa, the Mediterranéan, Middle East, Indian 
Ocean, Far East, and Latin America the first priority targets for retaliatory strikes. 

The construction and search for new base locations in South-West Asia and 
the north-western Indian Ocean, notably the Near and Middle East, Persian Gulf, 
and North and North-East Africa have recently been emphasized by Washington. 

Bases have been built in Morocco and Tunisia. An agreement between 
Washington and Morocco gives the US facilities on the military airfield at Sidi- 


125 A.Gromyko. Ecological disaster: Impact on the Third World 


Slimane as a stop over when airlifting RDF units from the American continent to 
Africa and the Middle East [11]. The western press has named some other military 
bases in Morocco the US Armed Forces has available, specifically those at Kenitra, 
Tanger, Sidi-Yahya, Benguerir, Ben-Slimane; and El-Aioun [12], Units from the US 
Sixth Fleet including nuclear aircraft-carriers and submarines regularly anchor in 
Moroccan ports and the naval bases at Agadir, Tanger, and Casablanca. There are 
indications that the Pentagon is planning to use seaports in Tunisia, which is now 
receiving substantial military aid from the United States, in a similar way. The US- 
Moroccan military exercises in 1983 suggest that Morocco territory too may be used 
for amphibious landings from the US warships assigned to the Mediterranean. The 
US carrier battle groups with several nuclear-powered submarines are on constant 
patrol duty 1n the Mediterranean. 

Among the countries of North-East Africa where the US bases and facilities 
are being constructed, Egypt, Somalia, and Kenya should be named. 

There are already two US Air Force bases 1n West Cairo and Kena, 1n Egypt, 
where several AWACS aircraft, which are designed for airborne electronic 
surveillance, are deployed [13]. Ra's Banas on the Red Sea coast 1s being upgraded in- 
toa major RDF base. Once it has been modernized, it will be able to handle B-52 and 
reconnaissance aircraft. Also, 16 thousand servicemen will be stationed there, com- 
plete with warehouses and munitions and logistics depots [14]. 

The Arabian press has reported the commencement of US military projects in 
Farafra Oasis and near Mersel Matruh for stockpiling weapons. Egypt has opened 
its ports and naval bases, particularly at Alexandria, and free passage down the Suez 
Canal for US combatant ships and submarines, among them ships carrying nuclear 
weapons. 

Under the Nimeiri regime Sudan also expressed its readiness to have US bases 
and military facilities on its territory [15, 16, 17]. 

Somalia is the target for a large US modernization effort to update the air- 
fields and naval bases at Berbera and Mogadishu. The Berbera airfield is projected 
to bea key base in this region and able to handle B-52 bombers and large transport 
aircraft. It was also disclosed that the US-Somalia agreement of 1980 contained a 
secret clause granting the Pentagon the use of four other airfields in Somalia, in ad- 
dition to those just mentioned [18]. 

To complete the picture, a major US exercise, ‘Bright Star’, has been con- 
ducted regularly and on a large scale since 1981 in Egypt, Sudan, and Somalia, 1n- 
cluding thousands of US troops, primarily RDF personnel. 

In Kenya, the US is modernizing the naval base at Mombasa and the air-force 
bases at Embakazi and Nanyuki for large military deployment. Underground 
hangars are under construction in Wajir as are premises for US servicemen on the In- 
dian Ocean coast. American warships, nuclear-powered aircraft carriers among 
them, make regular calls at Mombasa. 
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Yielding to US pressure, Djibouti has had to endorse an agreement giving 
‘limited’ use of its seaport facilities to US warships and armed services. 

We must also note that South Africa’s racists might possibly give their naval 
bases at Simonstown and Durban and the seaport in Walvis Bay, Namibia, at US 
ships’ disposal. 

The US plans to expand its base and ‘stronghold’ structure among some 
island African states. Priority is being given to the Seychelles and Comoro islands 
because of their strategic position close to the tanker lanes from the Persian Gulf to 
the West. Washington would like the islands to provide a link between Diego Garcia, 
the US armed forces’ main Indian Ocean base, and the chain of US military bases 
and facilities on Africa’s eastern coast. ` 

Having announced that the Indian Ocean, which washes the shores of many 
developing countries, is a zone of its ‘vital interests’, the United States has per- 
manently assigned there two carrier battle groups from its Sixth and Seventh Fleets. 
Diego Garcia is the largest island base where nuclear weapons deployment is under- 
way already. Its airfield is modernized to receive B-52 and large cargo aircraft. The 
island is designated an RDF ‘strongpoint’ in the region, and at it are berthed several 
US stores ships with armaments, munitions and materiel for the US marine brigade 
stationed there [19], A large US nuclear weapons depot is reportedly under construc- 
tion on the island [20]. 

The approaches to the Persian Gulf are hedged with US military bases and in- 
stallations. In Oman, the US was granted access to three major air-force bases at Es 
Sib near Muscat, Tamridah, and the former British RAF base on Masira Island, as 
well as access to the seaports of Mutrai and Salai, respectively in Mina-Quabus and 
Mina-Baysut. The latter are to provide warships with a forward base for mining the 
Strait of Hormuz if need be. Bahrain was also reported to have opened its naval and 
air bases for ‘limited’ use by the US. There is every indication that the United States 
would not mind re-establishing its presence in Dahran, Saudi Arabia, the keystone 
of the US system of bases in that region in the 1950s. The New African, London, 
revealed that the Pentagon was anxious to havea military base in the sheikhdom of 
Dubay, and The Bulletin, Australia, reported that Washington was doing research on 
at least eight other prospective locations for new US bases [21], 

South-Asian states have not been overlooked by the US. Pakistan, which 
received US$3.2 billion credit from Washington in 1981 chiefly to strengthen its 
armed forces, is particularly being looked at. In return it provided the US with an op- 
portunity to convert the country into a forward base in South Asia, likewise intend- 
ed for stationing RDF contingent. With this in mind, a number of naval and air 
bases are being built in Karachi, Gwadar, and Peshawar [22]. The US had talks with 
Bangladesh on granting the Pentagon a lease of the Saint Martin island with a view 
to siting anew base there. In Sri Lanka the US now has the hard-won use of a ‘recrea- 
tion base’ for the personnel of the US Navy warships assigned to the Indian Ocean. 
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The Far East and the Pacific Ocean are blanketed by American bases. There 
are more than 300 military installations, with more than 30 large US bases in Japan 
and 40 in South Korea [23]. Within that context, the US has done ‘justice’ to the 
developing states in the region. The Pentagon's plans for the Palau Archipelago, for 
example, include a submarine base, airfields and an oil storage depot, while Palau's 
chief island of Babelthuap is singled out for a port facility for tankers with 
displacements of up to 500 thousand tons. All these military projects will 
significantly supplement the existing base structure in the Pacific Ocean—on the 
islands of Guam, Saipan, Tinian, and Kwajalein. Several new facilities are now in 
the planning stage such as an airfield and a naval base for aircraft carriers and sub- 
marines on Saipan Island and a staging area for strategic bombers and US Seventh 
Fleet warships on Tinian Island [24]. 

Washington has placed emphasis on its bases in the Philippines. Subic Bay is 
the keystone of the US naval presence in the western sector of the Pacific Ocean and 
also recently a US support center for military operations in the Indian Ocean and the 
Persian Gulf. The base at Clark Field is planned to be modernized and expanded to 
station RDF units. 

Latin America is tied up in a thick web of bases and strongholds. The US 
maintains over 50 bases and facilities in the Panama Canal zone, Puerto-Rico, and 
on Bermuda. Apparently unsatisfied with these, Washington intends to increase 
them by adding new ones, specifically in Haiti. The US is building a base on the 
seized island of Grenada. 

By giving land and access to territorial waters to US bases and opening their 
territory to calls and patrol duties by US warships, these countries are taking the 
chance that they may actually surrender to Washington their key power of making 
decisions about matters of war and peace—a power second to none in importance 
for the fates of their respective nations. Being unable to control effectively or at least 
hold in check the US arms deployment on their territory, these countries may at any 
moment find themselves involved in an armed nuclear conflict against their will and 
national interests. Some developing countries run high risks due to bases siting US 
nuclear and missile weaponry targeted on the socialist countries. They are exposed 
more than others to the danger of retaliatory nuclear strikes. 

It is thus essential that nuclear-free and peace zones be established in various 
regions, essential to give staying power in the international community to the special 
status of ‘non-nuclear states—those disavowing the production, deployment and 
testing of nuclear weapons, and to strengthen the nuclear non-proliferation regime. 

Increasing deployment of the US nuclear weapons in developing countries 
makes possible the use of the weapons against the peoples of these continents. To 
free them from the nuclear threat and to establish a situation when neither the direct 
nor the indirect consequences of a nuclear war could threaten their ancient civiliza- 
tions is therefore an acute necessity. 
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The arms race in developing countries: 
A trigger of war conflicts 

In an effort to involve developing countries in an aggressive military course 
and keep them within their sphere of influence, the ruling echelons in imperialist 
powers, and the US Administration above all, are forcing tension in many regions of 
Asia, Africa and Latin America, by building bases and strongholds, hammering 
together military-political blocks and pitting developing countries against each 
other. They are also striving to tie them up in the arms race. 

Of the US$650 billion of the world annual military expenditure in the early 
1980s the developing countries ran up almost US$ 100 billion, showing a steady climb 
from the US$17 billion in 1965 and US$39 billion in the early 1970s (in 1978 prices) 
[25]. 

In the mid-1980s, the world military spendings are twice the GNP of Africa 
and equal approximately the GNP of Latin America, and three fourths of the GNP 
of Asia minus Japan. In other words, the non-productive sphere gobbles up nearly 
one third of the GNP of mankind’s poorer half. Whereas the GNP of the young na- 
tions has almost trebled in the past two decades, their military spending has grown 
by a factor of 4.5. 

Military affairs engage directly or indirectly more than 50 million people, 
half of them in regular army service. The service personnel of the developing coun- 
tries as a share of the world total shot up from 50 percent in the early 1960s to 60 per- 
cent by the late 1970s. Between 3 and 10 percent of all able-bodied males with 
primary-school education and 30 to 80 percent of those with secondary-school 
education man these countries’ arms services. Their military outlays claim about as 
much of their budgets as education and health care combined [26]. 

It is estimated that one soldier's sustenancein the Middle East absorbs the 
equivalent of social, educational, health and welfare spending on 346 civilian 
population. In Africa and South Asia, the corresponding figures are 364 and 767 
respectively. In developing countries the annual budgeting required to maintain one 
serviceman is ten times more than the average per capita income [27]. 

Purchases of armaments and military know-how take up most of the overall 
military expenditure. Military ‘aid’ to developing countries from imperialist states is 
motivated by strategic considerations. Over two thirds of the major weapon 
transfers from capitalist states are made to developing countries [28]. Compare the 
annual increase in the arms trade over three successive five-year periods: 10 percent 
for 1965—70, 15 percent for 1970—75, and 25 percent for 1975—80 [29]. This reveals a 
four-fold increase in the volume of the arms trade during the 1970s compared to that 
of the previous decade. Tentative Western estimates suggest a continued upward 
trend in the arms trade growth rate [30]. 

The surge in the cost of the new weapons should also be taken into considera- 
tion. Since World War II aircraft carriers have become 10—20 times more expensive, 
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destroyers 20—30 times, bombers 30—40 times, submarines 40—50 times, and fighters 
100—150 times [31]. 

Topping the list of the arms exporters to developing countries are the United 
States and some West European countries. The total arms sales to the Third World in 
1970—80 breaks down as the US 45 percent, France 10 percent, the UK 5 percent, Italy 
3 percent, and West Germany 2.3 percent [32]. 

In 1971—75 the United States exported five billion dollars’ worth of ar- 
maments to developing countries. Western estimates indicate that the 1981 figure for 
US arms exports surpassed even that five-year total and in 1982 it soared to US$ 19.8 
billion. For the decade of 1971—80, US transfers of major weaponry and military 
technology to developing countries totalled almost US$38 billion. The same period 
witnessed sales to Asia, Africa and Latin America of 7,440 US tanks and self- 
propelled artillery guns, 8,225 cannons, and 2,600 combat aircraft [33]. 

The Soviet Union has never been an arms supplier to developing countries in 
any commercial sense of the term. ‘The Soviet Union has always supported the 
struggle of peoples for liberation from colonial oppression. And today our sym- 
pathies go out to the countries of Asia, Africa and Latin America, which are follow- 
ing the road of consolidating independence and social renovation. For us they are 
friends and partners in the struggle for a durable peace, for better and just relations 
between peoples: [4] 

The combined effect of the continuing arms drive, militarization and siting 
of US bases in developing countries has dire social and economic consequences for 
their nations. For one thing, by absorbing a substantial share of their generally 
limited resources— material, financial, etc.—militarization becomes a major 
obstacle to their industrialization, the key factor in winning independence in the 
economic, scientific and technological spheres. For another, it holds up their 
development and seriously offsets the efforts to achieve a new, just, international 
economic order and to obtain more aid from the industrialized countries. Thirdly, 
the demands of militarization, the arms race, and other militarist programs hit at 
national living standards and drain much needed resources away from the control of 
hunger, poverty, disease and illiteracy, and a long series of other acute socio- 
economic problems. 

Let us recall that in these countries almost 500 million people are starving 
and over one billion are severely underfed, with around 40 percent of the population 
unable to meet their vital needs, and millions of people having no access to medical 
care. Furthermore, in the world today about 30 to 40 million people die each year 
from starvation, most of them in the developing countries of Asia and Africa. 

By contrast with the current rates of arms expenditure the military outlays 
for only one year would be adequate to build 100 million apartments enough to 
house 500 million people, or to construct one million schools to provide education 
for 650 million children. Some estimates suggest that the conversion each year of 
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8—10 percent of today’s armament spending to civilian uses would release sufficient 
money to eliminate hunger and eradicate the gravest diseases and illiteracy within a 
few years all over the world [34]. 

The imperialist powers are exploiting for their selfish ends the interests of up- 
per reaches in some developing countries in the acquisition of arms. The arms ex- 
port, selective in structure and character, has the attendant effect of expanding the 
exporter countries’ ability to influence the home and foreign policies of the arms 1m- 
porting countries. 

The adverse impact of the arms race in the developing countries has three 
major dimensions: 

— Besides posing a direct threat to peace and continued stability in Asia, Africa 
and Latin America, the arms race.is diverting the already inadequate financi- 
al resources of the countries from areas of vital concern for their economic 
and social development. On top of that, army recruitment depletes the 
civilian sphere of its most able and best trained manpower. 

— Since most developing countries produce no weapons of their own, they have 
to purchase arms from the United States and West European countries, thus 
making themselves even more dependent on imperialism and its 
neocolonialist policy. 

— The global arms race instigated by imperialist states deprives developing 
countries of the opportunity of obtaining additional aid for 
their economic and social development, which could be granted by in- 
dustrialized nations, given a reduction in their military programs. 

Yet none of these dimensions of the arms race is so full of foreboding as its 
potential for triggering armed conflicts. By drawing certain developing states into 
the mainstream of their global military and political strategy and by stockpiling 
significant arsenals of modern weapons there, the imperialist powers, and the US 
most of all, are upsetting the balance of power, thus destabilizing the situation at the 
regional and interstate levels. The general direction of the US policy is to pump 
modern weapons, including sophisticated ones, into those countries which have 
already demonstrated their aggressive intents or simply perpetrated an 
aggression—as did Somalia in attacking Ethiopia, or the Pol Pot gangs in cross- 
border raids from Thailand territory on peaceful communities in Kampuchea, or 
Honduras in providing a forward base for subversive activities against Nicaragua. 
With an all too characteristic bias, US military aid is routed to the aggressor instead 
of to the victim of aggression. By and large, the US Administration 1s filling already 
explosive regions with arms. This causes an understandable counteraction and the 
natural desire of neighboring countries to turn for assistance to alternative sources. 

Experience shows that, once initiated, conflicts born of the arms race ex- 
pand, and involve new countries. This continuing expansion escalates conflicts to 
new levels, pushing apart their limits, first regionally and then perhaps globally. 
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Here, too, lies hidden another grave danger. The fact is that today the arms 
race in developing countries has been maintained basically in conventional weapons 
(although there have been many reports about the intention of some pro-imperialist 
regimes to join in the nuclear arms drive). The term ‘conventional’ produces in many 
developing countries the illusion of complacency. This is the opportunity that the 
most aggressive forces in imperialist states are quick to seize and put to their 
advantage. 

A related recent concern is the progressive erasure of the demarcation be- 
tween conventional arms and tactical nuclear weapons. During the Vietnam war, for 
example, the US designed and tested new weapons using IR-detectors, smell detec- 
tors, and pellet bombs with large areal coverage. These weapons have now been 
upgraded into a ‘near-nuclear’ category of munitions, equivalent in destructive 
power to tactical nuclear warheads. Thus the integration of ‘near-nuclear’ weapon 
types into the general arms race process in developing countries becomes an im- 
mense risk. i 

Moreover, the arms race keeps extending, spreading over oceans, into outer 
space, and to new regions and developing countries. Should this tendency continue, 
any local conflict could conceivably escalate into global war. This risk is no less 
dangerous to the Asians, Africans and South Americans than it is to the Europeans 
or the North Americans. For this very reason *..mankind's current dilemma, which 
bears on the fates of all nations, is either to provide adequate opportunities for 
social progress in peaceful conditions or to plunge into a military catastrophe of un- 
precedented scale and consequence which would imperil the gains of human 
civilization and the existence of man himself’ [35]. 

Given the increasing role of Asian, African and Latin American countries in 
world politics, they can influence its course, particularly in the areas of disarmament 
and strengthening of peace, still more so on their own continents. 

The basically anti-militarist stance most of these countries demonstrate in 
the United Nations and Non-Aligned Movement has been generally acknowledged. 
Their concerted and coordinated action on the vital issues of disarmament and con- 
tinuance and consolidation of peace may be the most critical single factor for the 
success of political, socio-economic and cultural development in the independent 
states of Asia, Africa and Latin America. 


The danger to developing countries from the 
'pre-nuclear' political mentality 

That national security is now closely related to international and global 
security would seem to have become an accepted truth. On the other hand, interna- 
tional and therefore national security is impossible in the face of a continuing arms 
race, still less when the weapons are nuclear. It is regrettable that this self-evident 
truth is difficult to perceive for some in the Third World, who support the outdated 
belief that power can solve all problems. 
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The ‘pre-nuclear political mentality’ that exists in developing countries does 
not come out of nowhere. The militarist cliques in the US and the US-commanded 
NATO block cling to this traditional outlook and go to great lengths to impose it 
upon the states of Asia, Africa, and Latin America. 

Yet it is in these states that our epoch has wrought so many substantial 
changes. If the experience gained over the second half of the 20th century can be put 
into a nutshell then it is to say that imperialism has been unable to stop the pro- 
gressive course of history either by building up its military potential or by advancing 
its war technology, or by fomenting local wars in the Third World, or by planting 
reactionary regimes. It has failed to destroy the forces of national freedom of the 
colonial empires. Instead, imperialism has been confronted by revolution all along 
its colonial margins, with more than a hundred free and independent states emerging 
onto the political map of the world. The notion of the pre-eminence of military 
power over everything else has been seen to collapse in the eyes of a single genera- 
tion. And an awareness has been growing, just as invincibly, that social processes 
and the role of people in deciding on matters of war and peace are critical. 

Thisis what the dogmatists of the arms race would be unwilling to perceive or 
acknowledge. By constantly resuscitating their self-serving militarist policies, they 
seek to control the course of events in the developing countries so as to make them 
serve their interests. Thus they manipulate a wide set of politico-ideological and 
military-political means, which are fundamentally conservative and incongruous 
despite their ‘modern’ trappings. 

These are, firstly, the ‘latest’ military doctrines that amount merely to a dis- 
ingenious rationale that they will be the probable victors in a ‘limited’ or ‘prolonged’ 
nuclear war. Such militarist shamanism is invoked in order to stupefy the millions of 
people in the developing countries and to instill into their minds the ‘whose-side-are- 
you-on' idea. $ 

Secondly, there is the philosophy of ‘deterrence and the planting of fear in 
the ill-conceived attempt to prove to the people in Third World countries that 
nothing else can ‘deter’ the imaginary ‘Soviet aggression’ except the US’s huge and 
ever more sophisticated war potential and its readiness to be the first to use nuclear 
weapons. The usage of the prospect of war as an instrument of international politics 
and political psychology by the US threatens not only the states of another social 
system but the whole world, including its own society, allies, and developing 
countries. 

The US is now trying nonetheless to transfer the outdated imperial 
methodology of power politics in international relations to countries in the develop- 
ing world. They are being pushed onto the road the US has followed since the middle 
of the 20th century, it being mispresented as the only road possible, to the exclusion 
of any other, either in fact or in principle. This strategy may bring the Third World 
down to a catastrophe. 
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The developing countries are squandering huge sums on armaments with 
devastating consequences to themselves. On the one hand, they seriously damage 
their own economies, deepen their dependence on the imperialist states in terms of 
war technology, and make their numberless social problems much more difficult to 
handle. On the other hand, they increase the risk of breeding new foci of armed con- 
flict around them. Fora variety of reasons—political, psychological, and 
military—the arms buildup may only sharpen disputes, foment tension, and render 
conflicts more probable. Evidently, a ‘critical mass’ is sometimes achieved in the 
hoarding of weapons, and once it is achieved an explosion may go off. 

It is not our aim to predict here the nature of the future crises and interna- 
tional conflicts in the countries of Asia, Africa, and Latin America. It is sufficient 
that the general trend has been made clear by history in that after 1945 all major 
conflicts have sprung up in the developing world. It is equally obvious that its fur- 
ther militarization can only mean a refuelling of the already fire-prone regions. ‘War 
stimuli’ appear in multitudes to make an all-out conflagration increasingly real in 
the atmosphere saturated with militarism. 

A review of historical periods reveals that the tempo of the arms race has 
never been so rapid and tempestuous in the developing countries. So fast a change 
from primitive military organizations to structures that bear the mark of the 20th 
century can do no good whatever. And rearmament is ominous if effected for 
reasons Other than meeting the vital needs, say of national liberation movement or 
of parrying imperialist aggression. 

The hiatus between the emergent states’ general development and the stan- 
dard of their military organization is fraught with risk. Sometimes it is heightened 
by the reinforcement of reactionary dictatorial regimes, at other times by the descent 
upon the scene of adventurers who are extremely good at provoking conflicts ‘out of 
nothing’. A close scrutiny of the nearly three hundred crises in the Third World be- 
tween the 1950s—80s shows that a sizable proportion grew from the use of force 
because it was there to use, rather than from any true conflict of interest. 

Disproportions in and among the spheres of economic, political and military 
development are hazardous at all times. Militarization to the detriment of social 
development maims a society. It is not just that the incredible waste of resources 
brakes progress in vital sectors of states. More importantly politics, social con- 
sciousness and mass psychology become militarized. Much too often these factors 
stimulated the war crises. 

Thus, the danger of attempts by the West to impose upon developing coun- 
tries the ‘pre-nuclear’ political mentality is perfectly clear. Based on the ‘traditional’ 
principles of relations among capitalist countries, it runs up against the realities of 
our times, notably the process of national and social freedom in the Third World. 
Because this frame of mind has been introduced from the outside into a recently in- 
dependent society which is searching for its own ways to develop, there is always the 
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danger of military decisions prevailing over political ones, of militarism over con- 
sciousness, and of predisposition to adventurism over political common sense. 
Where this is the case, reactionary dictatorial regimes, that conceive of military 
power as the supreme formula for self-assertion, receive extraordinary support. It 
leads them to develop a penchant for oversimplifying world situation, making 
military options look more acceptable than political settlements. Given that com- 
bination of odds, some Third World regions might become particularly dangerous 
zones of conflict, and not just local in scope. 

The process of winning genuine freedom by former colonial and dependent 
nations is beset with hardship, and frequently agony. It is further compounded by a 
torrent of problems suddenly gushing through, most of which were unknown in the 
formative periods of the European states. Many problems are due to conflicts, 
disputes over the frontiers of former colonies, religious or territorial feuds. When 
mountains of modern weaponry are hurled into such a complex and tumultous 
world together with an ideology legitimizing war, a war psychology, always an ele- 
ment in the origin of wars, no less world wars, is unfailingly generated. In this con- 
text, the tendency towards the production of nuclear weapons in Third World coun- 
tries is extremely faulty. It is clear from the current and prospective development in 
the countries ‘just about’ to obtain nuclear weapons that their nuclear pretensions 
are unsound, unless of course ambition, prestige or preconceived security are held to 
be good rationales to go nuclear. For all these countries there are better security 
safeguards, than copying the nuclear ‘deterrence’ philosophy. It 1s now becoming in- 
creasingly obvious that this philosophy has outlived its value even in the politics of 
some NATO countries. 

It would be undeniably wrong to assume—as the evidence of the last few 
decades makes certain—that accumulation of fissible materials in order to develop 
nuclear power engineering is in itself a direct threat of nuclear proliferation. This 
area too 1s wholly controlled by political will. But the Third World has too many 
areas of contention to be confident that a critical situation will not arisein a country 
where a regime demonstrates a penchant for switching nuclear power to military 
uses. 

An East-West nuclear conflict, if it breaks out, would engulf in its disastrous 
consequences the whole world including the developing countries. On the other 
hand, one cannot fail to see that the current political and technological trends make 
the threat of a highly dangerous conflict starting in the region of developing coun- 
tries increasingly real. Thus the basic conclusion is that under no circumstances 
should the developing nations and their governments stand aside in the continuing 
effort to achieve disarmament, avert a new war, set back militarism and convert their 
financial resources to the management of problems central to their development. 
However this will require the consistent and dedicated reshaping of the political 
thinking in developing countries into that corresponding to the realities of a nuclear 
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age. Responsible leaders, in whatever developing country, must recognize the com- 
pelling need to ponder in earnest the interplay of new and old political thought in 
the area of war and peace—the key area of social relations. The situation often en- 
countered in history that consciousness lags behind new realities is now absolutely 
unacceptable. 

The will for peace derives from the vital truth that given the present state of 
international relations no effort should be spared to prevent a nuclear holocaust. 
This view of the most critical international problem of our times makes it necessary 
to discard the ‘pre-nuclear’ concepts according to which war could be an instrument 
of politics. Such policy, advocated by militarists and their supporters, should have 
no future. 
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part two 


Abstracts from the reports 

at the National Scientists’ 
Conference to Save the World 
from the Threat of Nuclear War 
and to Ensure Disarmament 
and Peace. 

Moscow, May 17-19,1983 


Prominent Soviet scientists and represen- 
tatives from all areas of knowledge gathered in 
Moscow, May 17—19, 1983. Participants of the 
conference included members of the USSR Acad- 
emy of Sciences, of the Academies of constituent 
Soviet Republics, of the Academy of Medical Sci- 
ences, representatives of higher institutes and sci- 
entific establishments, as well as guests from 
abroad—leaders of Acadeinies af Sciences of So- 
cialist countries, scientists and public figures 
from a host of countries in Europe, Asia, and 
America, representatives of international scien- 
tific organizations, active participants in the 
movement for peace and nuclear disarmament, 
Journalists. 

Included in the reports and presentations 
given al the conference were scientific analvses of 
biological, ecological, economical, and other 
consequences Of a threatening thermonuclear 
conflict and the ever-growing arms race along 
with discussions of the dangers which thev pose 
to mankind and to all life on Earth 


Anatoli Alexandrov 


President of the USSR Academy of Sciences 


Lessons of the past and the 
main task of the present 


To learn to think in a new way, a task set by Einstein and Russell several 
decades ago, is becoming particularly necessary these days. 

Mankind' now knows for sure that its natural resources are exhaustible and 
are being exhausted very rapidly. Many countries are experiencing extremely great 
difficulties with their energy resources, primarily in obtaining oil, a major energy 
source. The world of today is inconceivable without oil and petroleum products. But 
present forecasts show that the planet has only enough oil for the next 30 or 40 years. 

We can forecast fairly accurately when our other energy resources will be 
depleted. Gas will last for 50 years, and coal for 150 years. 

How will mankind develop its industries when these energy resources first 
become seriously depleted and then completely exhausted? 

How can mankind be provided with food if, according to official statistics, at 
the present level of world population some 40 million people die of malnutrition 
each year? (The terrible toll of the Second World War was about 55 million dead.) 
An estimate by the World Health Organization shows that 500 to 600 million people, 
including nearly 200 million children, will die of starvation by the end of this 
century. 

The dramatic situation is not without a way out. The current advances in the 
sciences, particularly in physics, biology, and chemistry, give us every ground to say 
that wecan solve our food and energy problems once and for all. 

The Soviet Union has carefully studied the long-term possibilities for 
mankind with respect to energy, primarily through nuclear power engineering. Our 
data show that mankind will be able to provide itself with energy it needs for life and 
progress. The periods which we are dealing with in this respect and which we regard 
as feasible run to thousands of years. They are based on calculations which do not 
even include the prospect of thermonuclear power engineering, which will soon 
become a reality and which can open up truly boundless horizons. 

With the possibility of unlimited power, mankind will be able to exploit 
natural resources very differently from the way it uses them today. These include ex- 
ploiting very deep ores and using many artificial materials. 
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These and other achievements of science, and using what genetics and 
biotechnologies of all types can give us, will enable us fully to solve the food pro- 
blem even if the world’s population doubles or trebles. 

But we can also do something else: we can lose at least half mankind ina 
thermonuclear war. This would completely destroy any future for mankind. It is not 
a secret that the situation in the world today does not make it possible to guarantee 
that mankind will live through the millennia for which we have tried to project the 
problems and solutions of power engineering. It is necessary to pass from questions 
of science to those of politics, and to get to the root of confrontation between the 
two main social and political systems and their attitudes to the future. 

We believe that the coexistence of countries with different social systems 1s 
possible over a long period. But the United States regards the destruction of 
socialism as a condition of peace. I want to remind you that almost as soon as the Se- 
cond World War had finished, a war in which the Soviet Union had lost 20 million 
people, the United States began to write and talk alot about a ‘Soviet threat’. Late in 
the 1940s and early in the 1950s US magazines printed maps showing how the US Air 
Force operating from bases in Europe and Asia, which numbered close to 50 at that 
time, could deal a preemptive nuclear strike against the USSR. The aim of the attack 
was ‘to drive Russia beyond the Urals’. 

The Soviet Union had not then developed nuclear weapons (we began to 
work on them four or five years after Germany and the United States) when 
Washington had embarked upon developing a plan for nuclear war against the 
USSR—the Dropshot plan*. Under this plan, endorsed by President Truman, an all- 
out nuclear war against the Soviet Union was to begin in 1957. This plan was not im- 
plemented for several serious objective reasons, the main one being the United 
States fearing a retaliatory nuclear strike, nor was it the last of its kind. 

In the 1970s it became clear that an attack on the USSR would cause ‘unac- 
ceptable’ damage to the aggressor. It was then that the process of the relaxation of 
tension and the improvement of relations between the countries began and attempts 
were made to organize peaceful coexistence. The initiative in this field was displayed 
by the Soviet goverment. This, undoubtedly, does our country credit. But the arms 
race did not abate. ; 

In the early 1980s the arms race assumed tremendous proportions. Ascribing 
‘destabilizing intentions’ to the Soviet Union, the United States is brazenly 
destabilizing the situation, for the whole world to see. The United States is doing this 
in Europe in particular, which it wants to make its nuclear missile outpost, not car- 
ing to conceal its wild ideas of waging a ‘limited’ war far from its own territory. The 
United States is also doing this in other regions which interest America as sources of 
raw materials, not to speak of other factors. Unlike the Soviet Union, which has its 
own large resources of energy and minerals, the United States imports 35 to 40 per- 
cent of the mineral raw materials it uses and about half its energy-generating 
materials. It is the United States (not the Soviet Union, which consumes its own 


* The United States made the Dropshot 
plan public in 1978. 
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resources, vigorously helps socialist and developing countries with these resources, 
and is ready to sell them to capitalist countries on the basis of mutual advantage) 
that has more than once called for using armed force to provide itself with raw 
materials. 4 

Today, instead of exploring ways to a common peaceful future, the United 
States prefers to work out variants of preparing for war against the Soviet Union, 
and against socialism as a political system. 

In this connection I cannot fail to mention the tremendous danger of the 
projected* deployment of new US nuclear missiles in Western Europe. These new 
medium-range weapons are, according to American data, first-strike weapons and 
would create a new strategic situation for the Soviet Union. Imagine the tremendous 
threat for our continent if only one Euromissile were launched, even by mistake. 
Since a Pershing II missile would be flying to its target in only 5 to 7 minutes, the oth- 
er side, understandably, would have very little time to think over a crucial decision. 
The shortage of time would create a particularly grave danger. 

The new missiles would thus increase the risk of nuclear war and Europe 
would find itself in fact living on a volcano. I am not talking of the risk connected 
with the implementation of US plans for the preemptive use of new missiles designed 
to inflict tremendous damage on the Soviet Union and other socialist countries. Let 
no one have any doubt on this score: the Soviet Union would not give the attacker a 
chance to avoid a retaliatory strike, retribution would be inevitable. 

It is anybody's guess what losses would be suffered by the United States if 
things took this turn. I would mention one thing known to experts in nuclear power 
engineering and connected with the possibility of attacks on atomic power stations. 
This possibility was analyzed by Scientific American (as is known, the Soviet pro- 
posal not to use weapons to destroy atomic power stations was not accepted). Such 
an attack would create around an atomic power station a zone, hundreds of 
kilometers in size, unfit for life. Hardest hit would be countries where atomic 
engineering siting schemes are compact, and countries relatively small in area. 

Our country does not yet have many atomic power stations. The total capaci- 
ty installed is 15 million kilowatts. In the United States such stations total some 
65 million kilowatts. Clearly, if nuclear strikes were exchanged, the United States 
would run a far greater risk than the Soviet Union, which incidentally and unlike the 
United States has pledged itself not to be the first to use nuclear weapons under any 
circumstances. 

Our planet does not give man grounds to doubt its fitness for life, existence 
and development for many millions of years. All today's global questions can be 
settled by the joint efforts of mankind, by the joint work of the scientists of our 
planet. The money needed to solve these questions could certainly be found if 
mankind found the wisdom and strength to give up war as an instrument for settling 
issues. 


*The conference took place before the 
deployment of the Pershing II and 
cruise missiles in Western 
Europe—(£d.). 
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To think and act in a new way is really necessary. I think that mankind is ripe 
for this. It is only through cooperation among states with different social systems 
and levels of development that mutually acceptable solutions to all the problems 
facing the states and peoples of today can eventually be found. I think mankind 
should force its governments to proceed along this road, which is the only road 
worthy of man. 


Nikolai Blokhin 


Member of the USSR Academy of Sciences 
President of the USSR Academy of Medical Sciences 


Areal threat to the 
existence of mankind 


A: their congresses the world’s physicians have arrived at the firm conclu- 
sion that a ‘limited’ or ‘protracted’ nuclear war will inevitably lead to a global 
catastrophe. 

What medical and biological consequences would mankind face in what the 
Western press calls a ‘massive nuclear attack’? The exchange of strikes by the warr- 
ing parties was assumed to have a total destructive power of 10,000 to 20,000 Mt. 

In estimating the possible immediate and long-term effects, Soviet doctors 
used recommendations summed up in the report of the UN Scientific Committee on 
the Effects of Atomic Radiation to the General Assembly (New York, 1978). 

To calculate the medical consequences of a total thermonuclear catastrophe 
for the world's population, we used a scenario in which the 10,000 Mt force of the 
nuclear strikes is distributed as follows: 90 percent over Europe, Asia and North 
America, and 10 percent over Africa, South America, Australasia. The number of 
nuclear explosions was taken in proportion to the population on each continent; 50 
percent of the nuclear strikes were assumed to be in the air (over large cities), and 50 
percent on the ground. 

We calculated that in the event of a total thermonuclear catastrophe the 
direct effects of the nuclear weapons alone would mean the death of a third of 
mankind, 1.e. over two thousand million victims. 

It is believed that about 300 medical stations near the center of a nuclear ex- 
plosion and over 3,000 doctors and more than 10,000 nurses and technical personnel 
would be needed to give first aid to victims in acity of one million over which a 1 Mt 
blast has taken place. A rough estimate for the total nuclear catastrophe variant 
gives the following figures: three million medical stations, 30 million doctors and 
[00 million nurses and technical personnel. This renders all hope of organizing such 
medical assistance absurd, as WHO data indicate that there are only 3 to 3.5 million 
doctors and about 7 to 7.5 million junior medical personnel in the world at present. 
We must also remember that 80 per cent of the hospital beds and stores of 
medicines, plasma, plasma substitutes, and bandages in a hit city would be 
destroyed and more than 80 percent of the doctors and medical personnel would be 
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killed, since most of the hospitals are concentrated near the center of the city—the 
target of the bombing. In the majority of cases the surviving doctors would not be 
able to render medical aid. 

Here are concrete figures for a hypothetical nuclear conflict in the Northern 
Hemisphere (between latitudes of 30—80?) involving many nuclear munitions of 
large unit yields (1 to 20 Mt), the total TNT equivalent being 10,000 Mt (such a 
scenario has been described in American publications). 

Taking into account the area of the Earth's surface between these latitudes, 
the population, the proportion of land and water, and the number of children born 
per 1,000 people per year, one can show that as a result of the local and tropospheric 
radioactive fallout millions of people would develop malignant tumours. There 
would be 21 million expected deaths from malignant tumours caused by radiation. 
In addition, about 1.6 million people would be subjected to radiation while still in 
the womb and could die from malignant tumours subsequently. Nearly six million 
descendants of the people exposed would suffer from genetic abnormalities. 

With hundreds of millions of people in the world exposed to radiation, a 
situation would arise where a vast portion of the population would be unprotected 
from epidemic and endogenous infections. Those people would be ‘inflammable 
material’ in the event of an infection and virulent epidemics would ensue. 

It is obvious that unleashing a nuclear war poses a real threat to the very ex- 
istence of mankind on the Earth. 


Aleksandr Obukhov 


Member of the USSR Academy of Sciences 


The Earth’s atmosphere: 
Catastrophe after a nuclear strike 


The atmosphere, a major component of the environment, is very sensitive to 
external influences. That is why possible large-scale changes in the air basin asa 
result of powerful nuclear explosions are of vital importance for mankind. Our pre- 
sent understanding of atmospheric processes makes it possible to evaluate at least 
qualitatively, and sometimes also quantitatively, many of the possible effects of a 
nuclear conflict. 

In terms of their effect on the atmosphere, we must distinguish between 
ground bursts and high-altitude explosions (at a height of over one kilometer). 
Ground bursts would hurl into the atmosphere thousands of millions of tons of soil 
a sizable proportion of which would reach the stratosphere in the form of dust. 
After the explosions a mushroom-like cloud would rise into the stratosphere to 
altitudes of 10 to 40 km depending on the explosive yield. The ozone layer would be 
particularly affected. 

Nitric oxide which 1s formed in the atmosphere as a result of nuclear explo- 
sions destroys ozone. Ozone renews itself very slowly and it would take several years 
for the initial concentration to be regained. But Western scientists have until now ig- 
nored in their evaluations of the effects of explosions on the ozone layer one factor 
that would hold back the renewal of ozone. A huge quantity of aerosols—soil par- 
ticles, combustion products, and so on—would be flung into the stratosphere if a 
nuclear weapon explodes close to the ground. Theoretical and experimental studies 
show that this material would also destroy ozone. Evidence of this is provided by 
Observations showing that the ozone content in thelayers in which stratospheric 
aerosols of volcanic origin are concentrated drops sharply after big volcanic 
eruptions. 

We should note that it takes just several weeks for the atmosphere (and the 
stratosphere) to mix in the zonal direction, and several months in the meridional 
direction. That is why there would be no difference between local and global nuclear 
conflicts if nuclear weapons of equal yields were used, because the ozone would con- 
tinue to be destroyed for several months. 
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Forest fires over areas of the order of a million square kilometers (a modest 
estimate) would be inevitable after a nuclear conflict. The thermal energy released in 
this case can be compared with the total kinetic energy of winds in the entire at- 
mosphere. There are grounds eventually to expect not only very strong local winds 
(winds with speeds of up to 50 m/s were registered during the Hiroshima and 
Nagasaki explosions), but also a noticeable restructuring of the whole circulation 
pattern of the atmosphere in the Northern Hemisphere. 

Large amounts of combustion products—soot, carbon dioxide and others— 
would be discharged into the atmosphere by the fires. The amount of direct solar 
radiation reaching the Earth’s surface would drop sharply (up to 150 times) because 
of the smoke content of the atmosphere. This would result in a slowing-down of 
photosynthesis and in a drop in the air temperature near the Earth’s surface. 

On the other hand, the absorption of solar radiation by the soot particles 
would heat the atmospherejtself, which would sharply increase its static stability. 
This would drastically reduce the heat and moisture exchange between the at- 
mosphere and the Earth's surface, but could intensify the heat and moisture ex- 
change between the ocean and the lower layers of the atmosphere. This would lead to 
the formation of low clouds, and precipitation would fall mainly over the ocean. 
Precipitation over land would naturally drop dramatically, and furthermore the 
zonal winds which carry moisture from the oceans to the continents would be 
weaker. 

The sharp increase in the number of particles in the atmosphere would 
change the processes of cloud formation, after slowing down the growth of clouds' 
drops. This would reduce the amount of rain, which washes aerosols out of the 
atmosphere. 

There are therefore grounds to expect droughts fairly soon after an explo- 
sion. Conversely, zonal winds would gain strength in the polar areas north of 60? 
latitude and more dust and soot would be carried to the Arctic. This would diminish 
the reflective power of the polar icefields, accelerate their thawing, and produce 
other effects. 

Soviet specialists in aerophysics are convinced that a nuclear war also means 
a war against the environment, to which a nuclear conflict would cause irreparable 
damage. 


Lev Feoktistov 


Corresponding Member of the USSR Academy of Sciences 


Nuclear Weapons: 
ouper-dangerous factor 


h shoud not be overlooked that the United States alone has stockpiled on its 
territory something like 30,000 nuclear warheads, about 10,000 of them strategic. 
What matters is not only the amount of stockpiled nuclear weapons, but also the 
fact that whoever uses them would most obviously aim at causing the greatest pos- 
sible damage. Can we foresee its nature and scale? 

Nuclear engineering is developing rapidly nowadays. Hundreds of nuclear 
facilities are functioning today. By the year 2000 several thousand are forecasted. 
Dueto a number of musts involved in the design of nuclear power plants, the 
leakage of radioactivity into air and water is virtually eliminated. But that is in 
peacetime. According to sufficiently accurate estimates, the aggregate radioactive 
contamination that would be caused by the complete destruction of a single nuclear 
power station would be comparable to the radioactive consequences of a 1 Mt ther- 
monuclear explosion at or closeto the ground, if we take a period of up to one 
month after the explosion. The consequences are dozens of times worse if we take a 
period of twelve months or more. Tens of thousands of square kilometers around 
and downwind of the power station would be unfit for habitation. Simply the 
destruction of the nuclear power engineering facilities in the developed countries 
would bring about a situation when man would literally have nowhere to set foot. 

These considerations also apply to some extent to other industries. For in- 
stance, those making new medicines, insecticides for agriculture, chemical consumer 
goods, and so on, could and often do require poisons and toxic bacteria in their 
technological processes. The destruction of such facilities would inevitably poison 
the environment. 

Or here is a Situation which superficially seems less harmful: a 1 Mt bomb ex- 
plodes over a forest. The light radiation would immediately cause fires over a ter- 
ritory of 10? square kilometers, covered with 10’ cubic meters of trees. In this case 
the heat from the blazing forest could be tens of times greater than the energy of the 
explosion itself. 

Many ofthe global effects accompanying a total nuclear war cannot be ac- 
curately forecasted or estimated, or even ‘simulated’ in laboratories. The picture of a 
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global war is hopeless not only because of the immediate effect of nuclear weapons, 
but due to their secondary effects, which would lead to the destruction of the 
ecosystem upon which the very existence of human society depends. 

No one can seriously speak about a ‘limited’ nuclear war, because it 1s 
generally impossible to fix any ‘rules for the game’. Is it not absurd to expect that 
whoever takes upon himself the responsibility for using the most barbaric weapon, 
would suddenly act in a way which would minimize its effect? Secondly, can anyone 
speak at all about a 'limited' nuclear war, say, in Europe, if, according to experts, the 
explosion of as few as 400 warheads of 5 to 50 kilotons each would cause six times 
more destruction in the zone of hostilities than the aggregate destruction of the Sec- 
ond World War? This time every living thing would be killed on one-third of the area 
of operations, the rest being severely damaged and contaminated. And thirdly, who 
can guarantee that the ‘limited’ war would not develop into an all-out war with all 
the ensuing consequences for the population of the whole world? 


Agadzhan Babayev 


Corresponding Member of the USSR Academy of Sciences 


Will our planet become 
a radioactive desert? 


A nuclear war would be altogether different from wars of the past—this is 
clear to every Scientist concerned. The aggregate destructive force of existing nuclear 
warheads is enough to wipe out every living thing and turn the Earth into a desert 
contaminated by radioactive fallout. 

Every megaton of a nuclear warhead would throw 1,000 to 10,000 tons of 
dust into the stratosphere where the dust particles will act as nuclei for cloud forma- 
tion. A 10,000 Mt exchange would lower the surface temperature on Earth by several 
tens of degrees centigrade for months. 

A large number of powerful blasts would gravely jeopardise the atmospheric 
ozone layer. According to the US National Academy, the ozone layer could become 
30 -70 percent thinner as a result of a nuclear war. I will not judge the accuracy of the 
estimate, but I am convinced that if considerable amounts of nitrogen oxides are 
released into the atmosphere, the ozone layer will be substantially destroyed, thus 
changing the climate and allowing through more of the Sun's ultraviolet radiation. 
The latter would cause severe burning and set in train a series of ecological 
aftereffects. 

The neutron bomb is being advertised as a ‘clean’ weapon, intended only to 
kill people, leaving material values intact. Western experts estimate that the explo- 
sion of arelatively low-yield neutron bomb (one kiloton) 200 meters above the 
ground would destroy microorganisms over an area of 40 hectares, many insects over 
100 hectares, water fowl and reptiles over more than 330 hectares, mammals and 
birds over more than 490 hectares, and forests over more than 300 hectares. The ef- 
fects of toxic agents on humans and nature are also known. The continent of Asia, 
populated by millions of people, has experienced the use of modern chemical agents 
and their extremely adverse effect on humans and the environment. These US-made 
agents will for years persist in Asia's soil, air and water. 

The global ecosystem is not uniformly vulnerable to nuclear weapons. Their 
effect on man would vary depending on the type of ecosystem in which he lives. 
Thus, estimates of potential vulnerability are possible. As a specialist in desert 
ecology living and working in a desert environment, I can assess the vulnerability of 
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arid ecosystems. The small variety of species in them markedly lowers the popula- 
tion’s resistance to the effects of nuclear weapons. Arid ecosystems occupy about.25 
percent of the earth’s surface, where about 14 percent of the world’s population 
lives. 

Human well-being requires a favourable balance with populations of other 
living organisms, for example, food-giving plants and animals and with pathogenic 
microorganisms and predators which present a threat to man or domestic animals, 
etc. This balance is what provides opportunities for social and economic develop- 
ment and human well-being. 

Whether our planet will become a radioactive desert or not depends not only 
on the people's ability to preserve peace, but also on the attainment, in the very near 
future, of close international cooperation where questions on interaction with 
nature are concerned. 


supplement 


scientists’ Appeals 
and other relevant documents 
on the prevention of nuclear war 


Appeal to the Second Special Session 
of the General Assembly of the United Nations 


on Disarmament 


by the Presidium of the USSR Academy of Sciences. 


Moscow, May 13, 1982 


On behalf of Soviet scientists, the Presidium 
of the USSR Academy of Sciences launches an appeal 
to the Second Special Session of the General Assem- 
bly of the United Nations on Disarmament in order 
to express its profound concern over the alarming 
situation emerging in the world fraught with a catas- 
trophe of unprecedented dimensions. 

Stockpiles of means of colossal destructive 
power, sufficient for annihilating everything living on 
our planet, have already been accumulated but the 
arms race continues to gather momentum, gain in 
scope and threatens to get out of control. This fatal 
trend contains an ever increasing danger of such 
calamities that dwarf the horrors of all the wars ever 
fought during the many centuries of the history of 
mankind’s existence. While previously the outcome 
of a military confrontation decided the fate of in- 
dividual countries and peoples, today the danger of a 
nuclear war brings into question the survival of the 
entire human race. Acting in defiance of the realities 
of a nuclear age the forces of militarism persist in 
their policies of spiralling the arms race and ag- 
gravating international tension. Large-scale and long- 
term programmes of quantitative stockpiling‘and 
qualitative perfection of lethal weapons to achieve 
military superiority are being implemented. The 
global strategic situation is being destabilized. The 
nuclear confrontation in Europe is getting tougher. 
The material preparation for war is accompanied by 
the development of increasingly insane scenarios of 
the use of nuclear weapons in a global or ‘limited’ 
conflict which would inevitably grow into a world 
conflagration. Concepts of the admissibility of a 
nuclear war, which allegedly could be won at a level of 
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losses completely acceptable to its initiators, are be- 
ing promoted. 

Realizing the highest responsibility of science 
for the fate of mankind, we resolutely reject the policy 
of nuclear adventurism. We disagree with the ideo- 
logists and apologists of militarism who profess an 
endless arms race and new conflicts and clashes. We 
hold different views on prospects for peaceful devel- 
opment. It is our firm conviction that there are all the 
objective prerequisites needed for the prevention of a 
nuclear catastrophe, for peaceful coexistence and co- 
operation among peoples. 

Today the very idea of a nuclear war lies be- 
yond the realm of reason. The very notion of using 
these monstrous means of mass destruction is per- 
nicious. To expect to win a nuclear war is dangerous 
lunacy. Nations and statesmen that would be the first 
to resort to the use of nuclear weapons would commit 
the gravest crime against humanity. 

In order to stop the world from sliding to the 
brink of a catastrophe urgent efforts of states and 
peoples are needed to limit and reduce armaments 
andease the dangerous tension. We believe that the 
existing general balance of forces is the starting point 
from which, given the desire and mutual readiness, it 
is possible and necessary to advance towards a consis- 
tent reduction of the levels of armaments and armed 
forces in accordance with the principle of equality 
and equal security. We are convinced that achieve- 
ment of a considerable reduction in nuclear weapons, 
both strategic and medium range, and ultimately 
their complete elimination, in the context of a mutual 
‘freeze’, is an objective of the highest priority. 

In our opinion, it is necessary to set in motion 
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without delay the process of curbing the arms race. 
This is what the Programme for Peace for the 1980s 
adopted by the 26th CPSU Congress, and constructive 
proposals contained in a number of subsequent 
speeches of the General Secretary of the Central 
Committee of the CPSU, Chairman of the Presidium 
of the Supreme Soviet of the Soviet Union, Leonid 
Brezhnev, are aimed at. This objective is facilitated by 
the initiatives of the entire socialist community and 
many other countries of the world. This is what is 
also urgently demanded by the broadest sectors of the 
world public opinion, scientists of different countries 
of the world, including members of the US National 
Academy, aware of their duty to mankind. _ 

We express the hope that the Second Special 
Session of the UN General Assembly, obeying to the 
voice of reason and humanism, will arrive at ar- 
rangements that would be a serious stimulus for ad- 


vancing in all the spheres of reduction of armaments 
and real disarmament. It is possible and necessary to 
set in motion the entire machinery of honest and 
equal negotiations at all levels and through all chan- ` 
uels, on a bilateral and multilateral basis. It is necess- 
ary to resume interrupted talks, to intensify the 
on-going ones and to start new talks on all matters of 
reduction and limitation of armaments and to work 
for the speediest conclusion of agreements demanded 
by the entire peaceloving humanity. 


‘Reason dictates the need to put an end to 
nuclear lunacy. The arms race must be stopped. 
Material and human resources should be used not for 
destruction but for creative work, not to produce 
weapons of death but to raise the living standards of 
peoples. Mankind is capable of saving itself, of en- 
suring peace for the present and coming generations. 


A. P Alexandrov, President of the USSR Academy of Sciences 


Pugwash Declaration 


on its 25th Anniversary. 
Warsaw, August 26—31, 1982. 


Bertrand Russell and Albert Einstein, to- 
gether with nine other eminent scientists, issued in 
July 1955 a clarion call to the world scientific com- 
munity. The devastating power of the hydrogen bomb 
and its evident ability to destroy civilization in the 
event of a nuclear war was the driving force behind 
their Manifesto which began: ‘In the tragic situation 
which confronts humanity, we feel that scientists 
should assemble in conference to appraise the perils 
that have arisen as a result of the development of 
weapons of mass destruction’, and it continued, ‘We 
are speaking on this occasion, not as members of this 
or that nation, continent, or creed, but as human be- 
ings, members of thespecies Man, whose continued 
existence is in doubt...’ 

In response to this appeal, the first Pugwash 
Conference on Science and World Affairs was held 
two years later in July 1957, in the Canadian village 
of Pugwash, Nova Scotia. It heralded the start of a 
series of meetings of scientists, from all parts of the 
globe, that is now reaching its 25th Anniversary. 

In the years following the Manifesto, the 'cold 
war! abated and an important start was made in the 


process of detente. Thus, the achievement of the Par- 
tial Test-Ban Treaty of 1963, the Nuclear Non-Prolif- 
eration Treaty of 1970, the Biological Weapons Ban 
of 1972, the first Strategic Arms Limitation Treaty 
(SALT I), including the ban on antiballistic missiles 
(ABM), also in 1972, and its recently negotiated suc- 
cessor (SALT II) of 1978, all stand as milestones to 
past progress. In these achievements, Pugwash and 
other scientists played a significant role. 

But these steps represent only a small beginn- 
ing towards the vital goal of comprehensive nuclear 
disarmament under effective international control. 

In addition to this modest progress in the 
realm of nuclear arms control, some useful actions 
were undertaken by the relatively affluent nations 
towards narrowing the tragic and unacceptable econ- 
omic gap between themselves and the less-developed 
nations, another major cause of thetensions and con- 
flicts that could lead to the world holocaust we are so 
desperately trying to avert. 

In spite of these advances, the dangers to 
human survival posed by the increased arms race and 
by the dangerous confrontation between the major 
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antagonists have in recent years grown more omin- 
ous. Disarmament seems further away than ever. In- 
deed, weapons of mass destruction proliferate, and 
some national leaders seem to accept such dangerous 
and delusory concepts as ‘limited’ or even *winnable' 
nuclear wars. The spill-over of the strategic confron- 
tation between the major powers into the Third 
World, and the endless chain of wars that have taken 
place among small nations since World War II, add to 
these dangers.The world continues to head at an ever- 
accelerating pace towards the ultimate crisis from 
which there is no return. 

As long as nuclear weapons remain in the 
arsenals, with the number of nations possessing them 
threatening to increase greatly in the absence of a 
more effective world-wide non-proliferation arrange- 
ment, we shall continue to live on the brink of global 
disaster. Pugwash has studied these problems for 
many years, and we remain convinced that disarma- 
ment is technically possible; all that is lacking is 
political will. Comprehensive nuclear disarma- 
ment--and, eventually, disarmament of chemical, 
‘conventional’ and other weapons as well—must re- 
main our major goal. In the meantime, however, 
pending the achievement of this aim we must strive 
to build an effective barrier, universally accepted and 
adhered to, against any actual use of nuclear 
weapons. As our medical colleagues emphasize, casu- 
alties resulting from only onelarge nuclear bomb on 
one major city could not be effectively dealt with by 
the medical resources of an entire country. The na- 
tions of the world, and especially the so-called nu- 
clear powers, must recognize and accept the fact that 
nuclear weapons simply cannot be used to resolve 
any possible issue between them, and that the use of a 
nuclear weapon in a conflict is suicidal folly that 
may well spell the extermination of the antagonists, 
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as well as a large portion of the rest of the world. 

The current monstrously high levels of de- 
ployed nuclear arms must be reduced as soon as poss- 
ible. To reverse the present arms race we must first 
stop racing. This calls for a ‘stand-still freeze’ on cur- 
rent nuclear arsenals as an effective way of initiating 
the essential process of nuclear disarmament. Such a 
freeze should also include the developmént of new 
weapon technologies, a major factor in fueling the 
runaway competition in modern weapons and sys- 
tems of mass destruction. 

In the circumstances in which mankind now 
finds itself, the warning sounded so eloquently twen- 
ty-seven years ago in the Russell-Einstein Manifesto 
takes on a new urgency: ‘There lies before us, if we 
choose, continual progress in happiness, knowledge, 
and wisdom.Shall we, instead, choose death, because 
we cannot forget our quarrels? We appeal, as human 
beings to human beings: Remember your humanity 
and forget the rest? 

There is still time to choose, but this time is 
fast running out. 


We now appeal: 

— To our colleagues of the world's scientific 
community: 
accept responsibility and become directly in- 
volved in actions to avert nuclear war. 

— To the governments of the world: 
seek a comprehensive international agree- 
ment for eliminating the risk of nuclear war, 
and the danger to civilization involved in any 
use of nuclear weapons. 

— To all peoples: 
support measures to remove the nuclear 
menace that threatens the survival of 
mankind. 


Declaration on Prevention of Nuclear War 


by an Assembly of Presidents of Scientific Academies 
and other scientists from all over the world convened by 


Pontifical Academy of Sciences. 
| Vatican, September 23—24, 1982 
Throughout its history, humankind has been 
confronted with war, but since 1945 the nature of 
warfare has changed so profoundly that the future of 


the human race, of generations yet unborn, is im- 
perilled. At the same time, mutual contacts and 
means of understanding between peoples of the 


156 Supplement 


world have been increasing. This is why the yearning 
for peace 1s now stronger than ever. Mankind is con- 
fronted today with a threat unprecedented in history, 
arising from the massive and competitive accumula- 
tion of nuclear weapons. The existing arsenals, 1f 
employed in a major war, could result in the im- 
mediate deaths of many hundreds of millions of peo- 
ple, and of untold millions more later through a varie- 
ty of aftereffects. For the first time, it is possible to 
cause damage on such a catastrophic scale as to wipe 
out a large part of civilization and to endanger its 
very survival. The large-scale use of such weapons 
could trigger major and irreversible ecological and 
genetic changes, whose limits cannot be predicted. 

Science can offer the world no real defense 
against the consequences of nuclear war. There is no 
prospect of making defenses sufficiently effective to 
protect cities since even a single penetrating nuclear 
weapon can cause massive destruction. There is no 
prospect that the mass of the population could be 
protected against a major nuclear attack or that 
devastation of the cultural, economic and industrial 
base of society could be prevented. The breakdown of 
social organization, and the magnitude of casualties, 
will be so large that no medical system can be ex- 
pected to cope with more than a minute fraction of 
the victims. 

There are now some 50,000 nuclear weapons, 
some of which have yields a thousand times greater 
than the bomb that destroyed Hiroshima. The total 
explosive content of these weapons is equivalent to a 
million Hiroshima bombs, which corresponds to a 
yield of some three tons of TNT for every person on 
earth. Yet these stockpiles continue to grow. 
Moreover, we face the increasing danger that many 
additional countries will acquire nuclear weapons or 
develop the capability of producing them. 

There is today an almost continuous range of 
explosive power from the smallest battlefield nuclear 
weapons to the most destructive megaton warheads. 
Nuclear weapons are regarded not only as a deterrent, 
but there are plans for their tactical use and use in 
general war under so-called controlled conditions. 
The immense and increasing stockpiles of nuclear 
weapons, and their broad dispersal in the armed 
forces, increase the probability of their being used 
through accident or miscalculation in times of heigh- 
tened political or military tension. The risk is very 


great that any utilization of nuclear weapons, how- 
ever limited, would escalate to general nuclear war. 

The world situation has deteriorated. 
Mistrust and suspicion between nations have grown. 
There is a breakdown of serious dialogue between the 
East and West and between the North and South. 
Serious inequities among nations and within nations, 
shortsighted national or partisan ambitions, and lust 
for power are the seeds of conflict which may lead to 
general and nuclear warfare. The scandal of poverty, 
hunger, and degradation is in itself becoming an in- 
creasing threat to peace. There appears to be a grow- 
ing fatalistic acceptance that war is inevitable and 
that wars will be fought with nuclear weapons. In any 
such war there will be no winners. 

Not only the potentialities of nuclear 
weapons, but also those of chemical, biological and 
even conventional weapons are increasing by the 
steady accumulation of new knowledge. It is 
therefore to be expected that also the means of non- 
nuclear war, as horrible as they already are, will — 
become more destructive if nothing is done to prevent 
it. Human wisdom, however, remains comparatively 
limited, in dramatic contrast with the apparently in- 
exorable growth of the power of destruction. It is the 
duty of scientists to help prevent the perversion of 
their achievements and to stress that the future of 
mankind depends upon the acceptance by all nations 
of moral principles transcending all other considera- 
tions. Recognizing the natural rights of humans to 
survive and to live in dignity, science must be used to 
assist humankind towards a life of fulfilment and 
peace. 

Considering these overwhelming dangers 
that confront all of us, it isthe duty of every person of 
good will to face this threat. All disputes that we are 
concerned with today, including political, economic, 
ideological and religious ones, which are not to be 
undervalued, seem to lose their urgency compared to 
the hazards of nuclear war. It is imperative to reduce 
distrust and to increase hope and confidence through 
a succession of steps to curb the development, pro- 
duction, testing and deployment of nuclear weapons 
systems, and to reduce them to substantially lower 
levels with the ultimate hope of their complete 
elimination. 

To avoid wars and achieve a meaningful 
peace, not only the powers of intelligence are needed, 
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but also the powers of ethics, morality and 
conviction. 


The catastrophe of nuclear war can and must 


be prevented. Leaders and governments have a grave 


In view of these threats of global nuclear 


catastrophe, we declare: 


Nuclear weapons are fundamentally different 
from conventional weapons. They must not 
be regarded as acceptable instruments of war- 
fare. Nuclear warfare would be a crime 
against humanity. 

It is of utmost importance that there be no 
armed conflict between nuclear powers 
because ofthe danger that nuclear weapons 
would be used. 


— Theuse of force anywhere as a method of set- 


tling international conflicts entails the risk of 


Recognizing that excessive conventional 


forces increase mistrust and could lead to confronta- 
tion with the risk of nuclear war, and that all dif- 
ferences and territorial disputes should be resolved by 
negotiation, arbitration or other peaceful means, we 
call upon all nations: 


Never to be the first to use nuclear weapons. 
To seek termination of hostilities immediately 
in the appalling event that nuclear weapons 
are ever used. 

To abide by the principle that force or the 
threat of force will not be used against the ter- 
ritorial integrity or political independence of 
another State. 

To renew and increase efforts to reach verifi- 
able agreements curbing the arms race and 
reducing the numbers of nuclear weapons 
and delivery systems. These agreements 
should be monitored by the most effective 
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Finally, we appeal: 
| To national leaders, 


to take the initiative in seeking steps to reduce 
the risk of nuclear war, looking beyond nar- 


row concerns for national advantage; and to 


responsibility to fulfil in this regard. But it is 
humankind as a whole which must act for its survival. 
Thisis the greatest moralissue that humanity has ever 
faced, and thére is no time to be lost. 


military confrontation of nuclear powers. 
The proliferation of nuclear weapons to addi- 
tional countries seriously increases the risk of 
nuclear war and could lead to nuclear 
terrorism. 

The current arms race increases the risk of 
nuclear war. The race must be stopped, the 
development of new more destructive 
weapons must be curbed, and nuclear forces 
must be reduced, with the ultimate goal of 
complete nuclear disarmament. The sole pur- 
pose of nuclear weapons, as long as they ex- 
ist, must be to deter nuclear war. 


technical means. Political differences or ter- 
ritorial disputes must not be allowed to in- 
terfere with this objective. 


— To find more effective ways and means to pre- 


vent the further proliferation of nuclear wea- 
pons. The nuclear powers, and in particular 
the superpowers, have a special obligation to 
set an example in reducing armaments and to 
create a climate conducive to non-prolifera- 
tion. Moreover, all nations have the duty to 
prevent the diversion of peaceful uses of 
nuclear energy to the proliferation of nuclear 
weapons. 


— To take all practical measures that reduce the 


possibility of nuclear war by accident, 
miscalculation or irrational action. 


— To continue to observe existing arms limita- 


tion agreements while seeking to negotiate 
broader and more effective agreements. 


eschew military conflict as a means of resolv- 
ing disputes. 


2 To scientists, 


to use their creativity for the improvement of 
human life, and to apply their ingenuity in ex- 


158 Supplement 


ploring means of avoiding nuclear war and de- 
veloping practical methods of arms control. 

3 Toreligious leaders and other custodians of 
moral principles, 
to proclaim forcefully and persistently the 
grave human issues at stake so that these are 
fully understood and appreciated by society. 


4 To people everywhere, 
to reaffirm their faith in the destiny of 
humankind, to insist that the avoidance of 
war is a common responsibility, to combat 
the belief that nuclear conflict is unavoidable, 
and to labor unceasingly towards ensuring 
the future of generations to come. 


(Signed by: P. Jacquinot (France) G. Puppi (Italy) 
E. Amaldi (Italy) W. Kalweit (GDR) B. Rifai (Indonesia) 
I. Badran (Egypt) M. Kazi (Pakistan) W. Rosenblith (USA) 
A. Balevski (Bulgaria) S. Keeny (USA) P. Rossano (Italy) 
D. Baltimore (USA) K.Komarek (Austria) P.Rudomin (Mexico) 


A. Bekoe (ICSU) F. Konig (Austria) B.Rysavy (Czechoslovakia) 
F. Benvenuti (Italy) h J. Labarbe (Belgium) I. Saavedra (Chile) 

C. Bernhard (Sweden) J. Lejeune (France) V. Sardi (Venezuela) 

O. Bikov (USSR) L. Leprince-Ringuet (France) T.Shin (Korea) 


B. Bilinski (Poland) 

C. Chagas (Brazil) 

E. De Giorgi (Italy) 

B. Dinkov (Bulgaria) 

G. Hambraeus (Sweden) 


T. Hesburgh (USA) M. Menon (India) 
H. Hiatt (USA) G. Montalenti (Italy) 
D. Hodgkin (Pugwash) R. Peierls (UK) 


S. Hsieh (Taipei) 
A. Huxley (UK) 
S.lijima (Japan) 
S. Isaev (USSR) 


G. Porter (UK) 
F. Press (USA) 


R. Levi Montalcini (Italy) 
M. Lora-Tamayo (Spain) 
T. Malone (USA) 
G.Marini-Bettòlo (Italy) 
S.Mascarenhas (Brazil) 


M. Peixoto (Brazil) 
J. Peters (Belgium) 


E.Simpson (South Africa) 
J.Sirotković (Yugoslavia) 
L. Sosnovski (Poland) 
A.Stoppani (Argentina) 
J.Szentágothai (Hungary) 
S. Tanneberger (GDR) 

C. Townes (USA) 

Ye. Velikhov (USSR) 

W. Watts (Ireland) 

V. Weisskopf (USA) 

K. Weizsäcker (FRG) 


Appeal to all scientists of the world 


by Soviet scientists. 
Moscow, April 10, 1983 


We are addressing this letter to all people of 
goodwill, above all to scientists, as never before has 
the task of preserving life and peace on earth been 
given so high a priority. All who are clearly aware of 
the realities of our times, understand the implications 
of incessant stockpiling of death-carrying weapons 
and creation of ever new, increasingly monstrous 
means of mass annihilation of people. The security of 
peoples can be safeguarded by way of nuclear disar- 
mament through aseries of purposeful agreements 
based on the undeniable principle of equality and 
equal security. 


But in his speech on March 23, 1983, the US 
President proposed the American people another 
option—the creation of a new gigantic anti-ballistic 
missile weapons system, of an allegedly purely defen- 
sive character, placed on earth and in outer space, and 
allegedly ensuring for the United States absolute 
security in the event of a worldwide nuclear conflict. 

Based on the knowledge, which we as scien- 
tists have, and proceeding from the understanding of 
the very nature of nuclear weapons, we declare in all 
responsibility that there are no effective defensive 
means in nuclear war, and their creation is practically 
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impossible. This opinion of ours fully accords with 
the authoritative and responsible statement by the 
presidents and representatives of 36 Academies of 
Sciences in various countries of the world, which was 
signed, in particular, by representatives of the Na- 
tional Academy of Sciences of the USA, the British 
Royal Society, Academie Française and the Academy 
of Sciences of the USSR. 

In actual fact, the attempt at creating so- 
called ‘defensive weapons’ to counter the strategic 
nuclear force of the other side, about which the US 
President declares, will inevitably lead to the 
emergence of a new element strengthening the 
American first strike potential. It is not fortuitous 
that the practical actions by the US Administration 
are centered now on a crash development of precisely 
that potential. Such a ‘defensive weapon’ can give 
practically nothing to a country becoming a target of 
a sudden massive attack, as itis apparently unable to 


protect the overwhelming majority of the population. 


The use of an anti-ballistic missile weapons system 
best of all suits precisely the attacking side, striving to 
lessen the power of retaliatory strike. But it cannot, 
however, fully prevent such a retaliatory strike. 

Thus, the initiative of the US President, who 
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promises to create a new anti-ballistic missile 
weapons system, is clearly oriented towards a 
destabilization of the existing strategic balance. By 
his statement the President is creating a most 
dangerous illusion, which may cause an even more 
threatening spiral of the arms race. We are firmly con- 
vinced that this act will result in a sharp lessening of 
international security, including the security of the 
United States. The US Administration displays ut- 
most irresponsibility on the issue of humankind's 
very existence. 

Today when on the scales of history lies our 
future and that of our descendants, every scientist, 
guided by his knowledge and his conscience, should 
honestly and clearly declare where the world should 
go—in the direction of creating new types of strategic 
weapons increasing the danger of mutually destruc- 
tive conflict, or along the path of curbing the arms 
race and of subsequent disarmament. This isa 
historical moral duty of scientists to humankind. 

On our part, we are firmly convinced, and 
this conclusion has been made on the basis of a strict 
scientific analysis of all aspects of that problem, that 
nuclear disarmament is the only way on which the 
states and peoples can ensure true security. 


[Signed by 244 Members of the USSR Academy of Sciences | 


Appeal 


of the National Scientists! Conference 


to Save the World from the Threat of Nuclear War 


and to Ensure Disarmament and Peace. 


Moscow, May 17-19, 1983 


We, Soviet scientists, are making this appeal 
to men of science throughout the world. We are com- 
pelled to do so by the disquieting situation in the 
world. Professional knowledge that we have enables 
us to state with full responsibility that the destructive 
potential of the nuclear weapons stockpiled in the 
world is close to the critical level and it keeps growing 
asa result of the escalating arms race. 

All the losses and horrors of the bloody wars 
in humankind's history, including two world wars, 
would pale before the consequences of a global 
nuclear conflict. The total amount of explosives used 
in all wars is less than 10 megatons, whereas the world 
today has in its nuclear arsenals weapons with an ag- 
gregate yield of more than 50,000 megatons. 


However, quantity is not enough to measure the co- 
lossal might of the modern weapons of mass destruc- 
tion. There is a qualitatively new, truly global threat. 
The existence of human civilization and, maybe, life 
on Earth is at stake. 

We are firmly convinced that the most urgent 
need for humankind today is to preserve peace. No 
task is more important for the peoples and govern- 
ments today than that of warding off the threat of 
destruction as a result of nuclear war. 

To accomplish this task of truly universal 
significance all peoples should first of all realize to 
the full extent the nature and scope of imminent 
danger and clearly see the sources of military threat. 
All peaceloving forces on our planet should pool 
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their efforts. Scientists have an important part to play 
in promoting this noble cause. By their knowledge, 
experience and authority they must actively promote 
the peoples’ struggle for saving the world from 
nuclear destruction. 

Soviet scientists have always been in the 
forefront of the struggle for peace. Guided by the 
principles of humanism, they tell the harsh truth 
about the threat of nuclear war, ‘limited’ or global, 
quick or protracted. They strongly condemn those 
who create this threat—the militarist imperialist 
forces, especially in the United States, which are 
ready to plunge humankind into an abyss of nuclear 
catastrophe in a bid to further their hegemonistic in- 
terests. Soviet scientists express solidarity with their 
colleagues throughout the world who protest against 
the crime planned against humankind and defend 
reason against nuclear madness. 

Soviet scientists enthusiastically support the 
peaceful policy pursued by the Communist Party of 
the Soviet Union and the Soviet Government. The 
centerpiece of this policy is a constructive and 
realistic programme for the prevention of nuclear 
war. They also give their unconditional support to the 
Soviet Union's commitment not to be the first to use 
nuclear weapons and call on the other nuclear powers 
to follow the Soviet example. Vitally important are 
the Soviet proposals on freezing nuclear arsenals, 
substantially reducing them on the basis of equality 
and equal security and bringing about genuine disar- 
mament to rid the world from any weapons of mass 
destruction and to ensure general and complete 
disarmament. 

We are deeply convinced that there is a 
realistic opportunity for halting and reversing the 
arms race. It isthe current military and strategiq 
balance in the world. Commonsense prompts men 
not to seek military superiority and the suicidal abili- 
ty to deliver a first nuclear strike but rather to con- 
solidate the approximate parity achieved and con- 
sistently seek to reduce nuclear arsenals on a 
reciprocal basis. One should think not about protec- 
tion against nuclear weapons but about their limita- 
tion, reduction and destruction. Soviet scientists 
therefore support Yuri Andropov's proposal about a 
meeting with American scientists to discuss possible 
implication of the deployment of a large-scale anti- 
missile defence system planned by the US administra- 


tion. An unbiased scientific analysis will undoubtedly 
reveal the futility and danger of the latest American 
concept. 

The planned deployment of American 
medium-range nuclear missiles in Europe may upset 
the current balance and provoke a qualitatively new 
arms race fraught with unpredictable consequences 
for international security. This dangerous course of 
events must be halted before it is too late. The Geneva 
negotiations on limiting nuclear armaments in 
Europe can and must produce a fair agreement, pro- 
vided the American side heeds the peoples’ demands 
and revises its unrealistic proposals which block a 
mutually acceptable solution to the problem of great 
importance for the future of Europe and the world as 
a whole. 

We believe that the task of delivering 
humankind from the burden of armaments is a 
realistic objective. 

We are convinced that an end to the senseless 
wasting of efforts and resources, and the conversion 
of the vast industrial, scientific and technological 
potential to peaceful uses will open up broad oppor- 
tunities for the creation of material benefits and the 
improvement of quality of people's life. 

We well realize the fruitful effects which 
disarmament may produce for clearing the interna- 
tional atmosphere from fear and suspicion, for the 
development of international cooperation and the 
cooperative efforts to solve the global problems of 
our time such as combatting hunger and diseases, for 
satisfying man's needs for food, energy and raw 
materials, for the protection of the environment, and 
for the exploration of the world's oceans and outer 
space. - 


We appeal to the scientists of the whole world 
to join forces in order to protect universal peace, the 
common possession of all peoples, from the threat of 
nuclear destruction. The forces that make for peace 
are stronger than those that make for war. If they are 
all set at work, they will beableto put up an insur- 
mountable obstacle to the aggressive forces and en- 
sure lasting peace for the peoples. 

The collective intellect and the united effort 
of humankind can and must halt the dangerous 
escalation of the threat of a nuclear war. Nuclear 
catastrophe can and must be averted! 
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Ap peal to the Chairman of the Presidium of the USSR Supreme Soviet, 


Yuri AndropovVana 


to the President of the United States, 


Ronald Reagan 


by the Third Congress of International Physicians 


for the Prevention of Nuclear War. 
The Hague, June 17—21, 1983 


We thank you (Chairman Andropov, Presi- 
dent Reagan) for your messages to the Third Con- 
gress of International Physicians for the Prevention 
of Nuclear War. 

We represent national groups and individual 
physicians from 43 countries who have joined ina 
global movement to combat the greatest threat to life 
and health. Our name conveys our mission: Interna- 
tional Physicians for the Prevention of Nuclear War. 

We first met two years ago to assess the 
medical consequences of the use of nuclear weapons. 
In this, our Third Congress, we have concentrated on 
the topic: Nuclear Illusions: The Human Costs. We 
write to ask you, as leaders of the two major nuclear 
powers, to consider our view of these illusions. 

The first and greatest of all the nuclear illu- 
sions is the assumption that nuclear war is simply one 
of many alternatives facing humanity, and that 
nuclear war is but conventional war with magnified 
consequences. The world stands at the edge of an 
abyss: humanity now has the technical means for its 
own destruction. 

An all-out nuclear war would kill hundreds of 
millions of people instantly. World civilization would 
be devastated, and the future of those surviving the 
immediate attack would be in doubt. The medical 
profession would be helpless to provide effective aid 
to the living. 

A kindred illusion is the view that nuclear 
war—both its start and its duration—could be cont- 
rolled. If nuclear war begins, here in Europe, or any- 
where else, it is unlikely to be either ‘limited’ or ‘pro- 
longed’. It would almost certainly escalate rapidly to a 
massive exchange and a global holocaust. We base 
this conclusion on our knowledge of the medical con- 
sequences of nuclear explosions and of the manner in 
which human beings make decisions under stress. 

Such an all-out exchange would eclipse all 
ecological catastrophes of recorded history. Coming 


generations would inherit a violated biosphere, an 
earth poisoned by radiation. The long-term en- 
vironmental effects of the nuclear blasts would also 
afflict children of the future. Indeed, given what is 
known, and even more important, all that is still 
unknown about the effects of multiple nuclear explo- 
sions, there is the risk that human life on our planet 
would cease to be. 

still another illusion is that of gaining and us- 
ing nuclear ‘superiority’. So-called ‘advantages’ in 
numbers of characteristics of weapons cannot be 
used to obtain a military victory; an ‘inferior’ nuclear 
enemy would still destroy the opponent. The notion 
that one side or another can be ‘ahead’ or ‘behind’ in 
nuclear arms no longer has meaning, and nuclear 
weapons have ceased to be a means to achieve rational 
political goals. 

Since the destructive potential of the present 
USA and USSR arsenals vastly exceeds the possible 
targets of either side, it is an illusion that the acquisi- 
tion of more nuclear weapons of any type confers any 
military or political advantage. Hence there is no 
justification for the introduction of any additional 
nuclear weapons into Europe or any other region. 
Furthermore, since maintenance at this excessive level 
is unnecessary and dangerous we favour reduction of 
weapons currently deployed. 

The general policy of nuclear deterrence has 
held hostage vast populations of innocent people. It 
has led to an ever accelerating arms race. It threatens 
our children’s hope of the future. It weakens our 
struggle against poverty, famine, and illness. It has 
fostered war-fighting doctrines which increases the 
risk of nuclear conflict. What is needed are new peace 
initiatives from both sides—not new missilies. 

The USSR and the USA bear a great respon- 
sibility. As the leaders of these two great states, you 
personally can undertake substantial, specific in- 
itiatives to roll back the nuclear threat. 
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We believe that: 

— All nuclear powers should unequivocably 
agree to refrain from the introduction of 
nuclear weapons into any conflict. The initia- 
tion of nuclear conflict would be tantamount 
to both genocide and national suicide. 

All powers should agree to a sufficiently 
verifiable freeze on the development, testing, 
production, and deployment of nuclear 
weapons and their means of delivery. 

A freeze should then be followed by reduction 
and eventual elimination of nuclear weapons 
from the arsenals of nations. 

Arms control and reductions require-a rene- 
wed and Serious effort to reach agreement on 
a comprehensive nuclear test ban. 

The negotiations currently in progress should 
be pursued with diligence, good will and con- 
sideration for the interests of both sides. The 
recent history of arms control negotiations, 
however, indicates that agreements are falling 
ever further behind the development and 
multiplication of nuclear weapons. We wish 
to emphasize, therefore, that there are routes 
to progress in addition to negotiation. Both 
the USA and the USSR have the opportunity 
to take independent initiatives to reduce ten- 
sions, to diminish the risks of nuclear war 
and to break the deadlock in current negotia- 
tions. World attention would then focus on 
all other nuclear powers to seeif.such a 
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Respectfully yours, 


positive gesture were reciprocated. In such a 
manner the direction of the arms race would 
be reversed. 

We believe that both the USA and the USSR 
must learn more about each other. The stereotyped 
view of each other which now complicates US/USSR 
relations must be eliminated. This could be ac- 
complished through a large increase in the volume of 
scientific, technical and cultural exchanges, tourism, 
and trade. It is essential to increase the information 
each country has of the other through television, 
mass media, and other means. 


More than two decades have passed since 
Albert Einstein said: ‘We shall require a substantially 
new manner of thinking if mankind is to survive: We 
must think anew, without the illusions that nuclear 
war can be averted indefinitely by a policy of deter- 
rence, that we can live safely forever with nuclear 
weapons deployed, or that nuclear war can be limited, 
or survived. No East-West dispute is as important as 
our mutual need to avoid nuclear war. 

Facing the problems of his time, Hippocrates 
promised: ‘Whatever home I shall enter, I shall do so 
to heal the sick: In the 20th century, nuclear weapons 
have presented our profession of medicine with a 
challenge of unprecedented proportions—one that 
threatens all homes and all healing. 

In that spirit of healing, we are ready to sup- 


port any effort of yours to halt the arms race and- 


reduce therisk of nuclear war. 


Participants in the Third Congress of International Physicians for the Prevention of Nuclear War 


The International Physicians’ 


Call for an end to the nuclear arms race 


by the Third Congress of International Physicians 


for the Prevention of Nuclear War. 
The Hague, June 17—21, 1983 


As physicians, we wish to express our profes- 
sional concern over the unprecedented threat to life 
and health posed by nuclear weapons, a threat that 
hangs over hundreds of millions of people. The in- 
creasing accumulation of destructive power and the 


development of ever more sophisticated weapons 
greatly increase the risk of nuclear war. 

If even a single nuclear weapon is exploded 
over One of our major cities, hundreds of thousands 
will be killed. If many nuclear weapons are exploded, 
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radioactive fallout and disturbance of the biosphere 
will cause suffering and death—particularly from 
Starvation, radiation illness, infectious diseases and 
cancer—without regard to national boundaries. The 
remaining medical facilities and personnel will be in- 
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psychological damage that is being done, particularly 


‘to young people and children who fear they will have 


no futures. 
We recognize that to reach agreements to end 
the nuclear arms race and avert the introduction of 


adequate to help the wounded. An all-out nuclear 
war would end our present civilization. 

The cost of the arms race is not only the vast 
sums being diverted to armaments in a world where 
tens of thousands of human beings die each day of 
treatable diseases. The cost is also in the great 


nuclear weapons into any conflict represents a major 
political task. We regard such agreements as crucial 
and urgent since the threat of nuclear war is the 
greatest challenge to health and survival that humani- 
ty has ever faced. As physicians, we believe a nuclear 
war would be the final epidemic. 


[The petition was approved by the 219 delegates to the Third Congress 
of International Physicians from 43 countries] 


Physicians’ Oaths 


and Statements of Medical Ethics: 
A proposed adaptation forthe nuclear age 


bythe Third Congress of International Physicians 


for the Prevention of Nuclear War. 
The Hague, June 17—21, 1983 


Over the millennia, physicians have evolved a 
long tradition of ethical affirmation, represented 
originally by the Oath of Hippocrates, and later by 
many other national and international codes and 
statements of professional ethical obligations. 

Recently, in May 1983, the World Health 
Organization General Assembly stated that ‘nuclear 
weapons constitute the greatest immediate threat to 
thehealth and welfare of mankind; and that physi- 
cians ‘have both theright and theduty to draw atten- 
tionin thestrongest possibletermstothecatastrophic 


Nuclear winter: A warning 


results that would follow from any use of nuclear 
weapons: 
To our long tradition of ethical statements, we 
believe there should now beadded: 
Asa physician of the 20th century, I recognize 
that nuclear weapons have presented my pro- 
Jession witha challenge of unprecedented pro- 
portions, and that a nuclear war would be the 
finalepidemic for humankind. I will do all in 
my power to work for the prevention of nu- 
clear war,’ 


Information Paper of an Assembly of Presidents of Scientific Academies 
and other scientists from all over the world convened by 


Pontifical Academy of Sciences. 
Vatican, January 23—24—25, 1984 


Nuclear war would include among its im- 
mediate consequences the death of a large proportion 
of the populations in combatant nations. Such a war 
would represent a catastrophe unprecedented in 
human history. Subsequent radioactive fallout, 
weakening of the human immune system, disease, 


and the collapse of medical and other civil services 
would threaten large numbers of survivors. 

We must now issue an additional warning: 
newly-recognized effects of nuclear war on the global 
climate indicate that longerterm consequences might 
be as dire as the prompt effects, if not worse. 
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In a nuclear war, weapons exploded near the 
ground would inject large quantities of dust into the 
atmosphere, and those exploded over cities and 
forests would suddenly generate enormous amounts 
of sooty smoke from the resulting fires. The clouds of 
fine particles would soon spread throughout the Nor- 
thern Hemisphere, absorbing and scattering sunlight 
and thus darkening and cooling the earth’s surface. 
Continental temperatures could fall rapidly—well 
below freezing for months, even in summertime— 
creating a ‘nuclear winter’. This would happen even 
with wide variations in the nature and extent of 
nuclear war. 

We have only recently become aware of how 
severe the cold and the dark might be, especially as a 
consequence of intense and numerous fires ignited by 
nuclear explosions, and from attendant changes in at- 
mospheric circulation. This would produce a pro- 
found additional assault upon surviving plants, 
animals and humans. Agriculture, at least in the Nor- 
thern Hemisphere, could be severely damaged fora 
year Or more causing widespread famine. 

Calculations show that the dust and smoke 
may well spread to the tropics and to much of the 
Southern Hemisphere. Thus non-combatant nations, 
including those far from the conflict, could be severe- 
ly afflicted. Such nations as India, Brazil, Nigeria, 
and Indonesia could be struck by unparalleled 
disaster, without a single bomb exploding on their 
territories. 

Moreover, nuclear winter might be trigger- 


ed by a relatively small nuclear war, involving only a 
minor fraction of the present global strategic 
arsenals, provided that cities are targeted and burn- 
ed. Even if a ‘limited’ nuclear war were initiated in a 
manner intended to minimize such effects, it would 
likely escalate to the massive use of nuclear weapons, 
as the Pontifical Academy of Sciences stressed in its 
earlier Declaration on Prevention of Nuclear War 
(1982). 

The general results seem to be valid over a 
wide-range of plausible conditions, and over wide 
variations in the character and extent of a nuclear 
war. However, there are still uncertainties in the pre- 
sent evaluations, and there are effects which have not 
yet been studied. Therefore, additional scientific 
work and continuing critical scrutiny of methods and 
data are clearly required. Unanticipated further 
dangers from nuclear war cannot be excluded. 

Nuclear winter implies a vast increase in 
human suffering, including nations not directly in- 
volved in the war. A large proportion of humans who 
survive the immediate consequences of nuclear war 
would most likely die from freezing, starvation, 
disease, and, in addition, the effects of radiation. The 
extinction of many plant and animal species can be 
expected, and, in extreme cases, the extinction of 
most non-oceanic species might occur. Nuclear war 
could thus carry in its wake a destruction of life un- 


‚paralleled at any time during the tenure of humans on 


Earth, and might therefore imperil the future of 
humanity. 


Nuclear war: Its consequences and prevention 


A statement from a Conference 
of scientists and religious leaders. 
Bellagio, Italy. November 23, 1984 


The threat of nuclear war and the hope for its 
prevention have become fundamental moral and 
political challenges to all of humankind. They cannot 
be dealt with primarily as problems for scientific and 
technical manipulationThe building of more nuclear 
weapons and the improvement of their technical 
sophistication are not the path to global security. 
There is no hope that a technical ‘breakthrough’, such 
as weapons systems in space, will provide clear 
superiority or significant protection. 


The world nuclear arsenal is already sufficient 
to destroy our global civilization. Substantial cuts in 
that arsenal could have powerful and desirable 
psychological and political effects. 

In the search for effective means of escape 
from the threat of nuclear disaster, it is important to 
begin with the necessity for fundamental changes in 
international relations, especially in the relations be- 
tween the Soviet Union and the United States. 

Facing this reality is made more urgent by the 
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continuation and acceleration of the nuclear arms 
race. In addition, recent scientific analyses strongly 
suggest that, apart from its other hideous and un- 
manageable consequences, a nuclear war could set in 
motion calamitous climatic and other environmental 
changes over large areas of the globe and attendant 
ecological disaster. 

The whole world must be aroused, peoples 
and leaders, to a realization that the future of the 
human species and of the plant is imperilled by the 
threat of nuclear war and by the possibility that in 
some circumstances one of the results may be what 
has come to be called nuclear winter—cold and 
darkness around the world caused by the spread of 
smoke and dust. Constructive and mutually accep- 
table steps are urgently required to reverse the morally 
indefensible drift towards those disasters. 

The immediate and long-term consequences 
of a nuclear exchange could bring such vast destruc- 
tion upon the peoples of the world as to constitute an 
unprecedented, planet-wide catastrophe. Countries 
distant from the nuclear target areas could also face 
disaster. Much of the world would be threatened by 
crop failures, unparalleled famine, mass starvation, 
and widespread uncontrollable epidemics. 

Nuclear war is a danger so horrible for all of 
humankind that we must renew and reinvigorate the 
search for generally acceptable solutions for reversing 
the arms race. Our central purpose and proximate 
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endeavor must be to reduce international tensions 
(particularly between the Soviet Union and the 
United States), to develop more effective cooperative 
efforts for dealing with our common human pro- 
blems and interests, and to bring a greater measure of 
justice and peace to the whole world. 


This statement is made by an ad hoc group of 
scientists and religious leaders who have met over a 
period of five days at Bellagio, in Northern Italy, to 
deliberate about these matters. We have gathered at 
the invitation of The International Council of Scien- 
tific Unions and the Inter-Faith Academy of Peace. 
We come from a broad range of nations (including 
the five major nuclear powers: China, France, Great 
Britain, the Soviet Union and the United States), ma- 
jor world religions, and a variety of scientific and 
professional disciplines. We have found in our ex- 
traordinary diversity sources of stimulation, 
challenge, and broadening of vision of our several 
and shared responsibilities. We believe that those who 
approach these issues from positions rooted in these 
assorted disciplines, national loyalties and belief 
systems have much to say to each other. We need to 
draw upon these many types of knowledge and skills. 
Science and religion can and must continue mutually 
to support the quest for a just and peaceful world. It 
is a hard and necessary work to which we commit 
ourselves with conviction and hope. 
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The night after... 
Climatic and biological 
consequences of a nuclear war 
Scientists’ warning 


Edited by Yevgeni Velikhov, 
Vice President 
USSR Academy of Sciences 


One cannot overestimate the 
sensational impacts of the conclusion 
of prominent Soviet scientists based 
on their investigations into the long- 
term Global after-effeCts of a nucLear 
war. Their results were completely 
consistent with the data obtained vt 
American scientists, even though they 
used different research programs and 
methodologies. Leading Soviet and 
American Scientists delivered their 
grim and disturbing message at 
international conferences held in 
Moscow and Washington. and at a 
Seminar at the Pontifical Academy of 
Sciences in the Vatican in January 
1984. 

The scientists conclusion is clear 
and unambiguous: the use of even a 
fraction of the nuclear arsenal that exists 
in the world today would result in a 
nuclear night and a nuclear winter which 
would ultimately cause unprecedented 
global ecological disaster. Such 
atmospheric bomb would mean 
extermination of all living things on 
Earth. 

This book covers the main research 
on the subject by Soviet scientists 
conducted under the auspices of the 
Soviet Scientists Committee for the 
Defence of Peace Against Nuclear threat. 


The leading Soviet scientists, 
contributors to this collection, described 
in a popular manner, but on a highly 
scientific level the essense of those vital 
investigations which may well become 
the turning point in this extremely 
dangerous and senseless nuclear arms 
race. 


